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Abstract 
 
Effect of Type, Time of Tapping and Tree Size of Acacia seyal var. seyal on 
the Production of Gum Talha in Rawashda Forest, Gedarif State, Sudan 
 
 
This study investigated the effect of methods and time of tapping and tree size 
on the gum production from A. seyal.  Three areas were selected in Rwashda 
Forest (Gedarif State) to represent trees of three diameter classes, namely, small 
(DBH 4-7cm), medium (DBH 7.1-14cm) and large (DBH 14.1-24cm).  Five 
tapping methods (bark removal, vertical injury of the bark, horizontal injury of 
the bark, barks hammering and control) had been applied on 15 randomly 
selected trees from each tree size.  These treatments were repeated monthly 
during the period November 2004 to April 2005.    
The results revealed that A. seyal trees responded only to bark hammering.  The 
small trees responded to tapping in December and the large trees in February 
and March.  Medium size trees showed no response to any of the treatments 
during the study period.  Average weight of gum produced per a small tree was 
14.8 g.  Results of the regression analysis showed that no significant 
relationship between gum weight and tree DBH.  Estimated average weight of 
gum produced per feddan is 15.56 kg. 
The average gum weight produced by a large tree was 45 g.  No significant 
differences were found in the weight of gum produced by the large size trees 
taped in February and those taped in March.  Expected average weight of gum 
produced per feddan is 7.5 kg.  Estimated weight of gum produced annually by 
tapping small and large trees in Rwashda Forest is 127 ton, and in Gedarif State 
is 183 ton compared to 0-2 ton in the years 2002-2005 produced by natural 
exudation. 
VI 
 ﺹﻤﻠﺨﺍﻟ
   ﺍﻟﺸﺠﺭﻩ ﻋﻠﻲ ﺍﻨﺘﺎﺝ ﺼﻤﻎ ﺍﻟﻁﻠﺢﻗﻁﺭﻨﻭﻉ ﻭ ﺯﻤﻥ ﺍﻟﻁﻕ ﻭ ﺭـﺃﺜ
  ﺍﻟﺴﻭﺩﺍﻥ- ﺒﻭﻻﻴﺔ ﺍﻟﻘﻀﺎﺭﻑﺒﻐﺎﺒﺔ ﺍﻟﺭﻭﺍﺸﺩﺓ 
  
ﺘﻡ .  ﻟﻁﻠﺢ ﻋﻠﻲ ﺍﻨﺘﺎﺝ ﺼﻤﻎ ﺍﻟﻁﻠﺢ ﺍﺸﺠﺎﺭﺍ ﺘﺎﺜﻴﺭ ﻁﺭﻕ ﻭﺯﻤﻥ ﺍﻟﻁﻕ ﻭﺍﻗﻁﺎﺭ ﺔﺫﻩ ﺍﻟﺩﺭﺍﺴﻫﺒﺤﺜﺕ 
  ﺍﻟﺭﻭﺍﺸﺩﺓﺔﺘﻴﺎﺭ ﺜﻼﺜﻪ ﻤﻭﺍﻓﻊ ﺘﻤﺜل ﺜﻼﺜﻪ ﺍﺼﻨﺎﻑ ﺍﻗﻁﺎﺭ ﻋﻠﻲ ﻤﺴﺘﻭﻱ ﺍﻟﺼﺩﺭ ﻻﺸﺠﺎﺭ ﺍﻟﻁﻠﺢ ﺒﻐﺎﺒﺍﺨ
ﺴﻡ، 7–4 ﺘﺘﺭﺍﻭﺡ ﺍﻗﻁﺎﺭﻫﺎ ﻋﻠﻲ ﻤﺴﺘﻭﻱ ﺍﻟﺼﺩﺭ ﺒﻴﻥ ﺍﺸﺠﺎﺭ ﺼﻐﻴﺭﺓ: ﺎﺭﻑ ﻋﻠﻲ ﺍﻟﻨﺤﻭ ﺍﻻﺘﻲﺒﻭﻻﻴﻪ ﺍﻟﻘﻀ
ﻭﺍﻉ ﻁﻕ ﻨﺃ ﺨﻤﺴﺔ.   ﺴﻡ42–1.41 ﺒﻴﻥ  ﺴﻡ ﻭ ﻜﺒﻴﺭﺓ41–1.7 ﺘﺘﺭﺍﻭﺡ ﺍﻗﻁﺎﺭﻫﺎ ﺒﻴﻥ ﺍﺸﺠﺎﺭ ﻤﺘﻭﺴﻁﺔ
ﻤﻨﻬﻡ ﻋﻠﻲ  ﺘﻡ ﺘﻁﺒﻴﻕ ﺍﻱ (.، ﺩﻫﺱ ﺍﻟﻠﺤﺎﺀ ﺒﺎﻟﺴﺎﻕ ﻭﺍﻟﺸﺎﻫﺩﺍﺯﺍﻟﺔ ﺍﻟﻠﺤﺎﺀ، ﺠﺭﻭﺡ ﺍﻓﻘﻴﺔ، ﺠﺭﻭﺡ ﺭﺍﺴﻴﺔ)
 ﻫﺫﻩ ﺍﻟﻤﻌﺎﻤﻼﺕ ﺘﻡ .ﻊ ﻤﻥ ﻤﻭﺍﻗﻊ ﺍﺤﺠﺎﻡ ﺍﻻﺸﺠﺎﺭ ﺒﺎﻟﻐﺎﺒﺔ ﺍﺨﺘﻴﺭﺕ ﻋﺸﻭﺍﺌﻴﺎ ﻓﻲ ﺍﻱ ﻤﻭﻗﺓﺨﻤﺴﺔ ﻋﺸﺭ ﺸﺠﺭ
  .  ﻡ5002ﻡ ﺤﺘﻲ ﺍﺒﺭﻴل 4002 ﻨﻭﻓﻤﺒﺭ ﺘﻜﺭﺍﺭﻫﺎ ﺸﻬﺭﻴﺎ ﺨﻼل ﻓﺘﺭﺓ ﺍﻟﺩﺭﺍﺴﺔ
ﺍﻻﺸﺠﺎﺭ .   ﺩﻫﺱ ﺍﻟﻠﺤﺎﺀﺍﻥ ﺸﺠﺭﺓ ﺍﻟﻁﻠﺢ ﺍﺴﺘﺠﺎﺒﺕ ﻓﻘﻁ ﻟﻁﺭﻴﻘﺔ ﻨﺘﺎﺌﺞ ﺍﻟﺘﺠﺭﺒﺔﻭﻀﺤﺕ ﺃ
 ﻟﻡ ﺔﺍﻻﺸﺠﺎﺭ ﺍﻟﻤﺘﻭﺴﻁ.   ﻓﻲ ﺸﻬﺭ ﻓﺒﺭﺍﻴﺭ ﻭﻤﺎﺭﺱ ﻓﻲ ﺸﻬﺭ ﺩﻴﺴﻤﺒﺭ ﻭﺍﻟﻜﺒﻴﺭﺓﺍﻟﺼﻐﻴﺭﻩ ﺍﺴﺘﺠﺎﺒﺕ ﻟﻠﻁﻕ
 5.41 ﺓ ﺍﻟﺼﻐﻴﺭ ﻤﺘﻭﺴﻁ ﻭﺯﻥ ﺍﻟﺼﻤﻎ ﺍﻟﻤﻨﺘﺞ ﻟﻠﺸﺠﺭﺓ.  ﻁﻕ ﻁﻭﺍل ﻓﺘﺭﻩ ﺍﻟﺩﺭﺍﺴﺔﺏ ﻻﻱ ﻁﺭﻴﻘﺔﺘﺴﺘﺠ
 ﻤﻌﻨﻭﻴﻪ ﺒﻴﻥ ﺍﻟﺼﻤﻎ ﺍﻟﻤﻨﺘﺞ ﻭﺍﻻﻗﻁﺎﺭ ﻋﻠﻲ ﻤﺴﺘﻭﻱ ﺔﻨﺘﺎﺌﺞ ﺍﻟﺘﺤﺎﻟﻴل ﺍﻨﻪ ﻻ ﺘﻭﺠﺩ ﻋﻼﻗ ﺍﻭﻀﺤﺕﺠﺭﺍﻡ ﻭ
  .ﺍﻟﻔﺩﺍﻥﻓﻲ   ﻜﻴﻠﻭﺠﺭﺍﻡ65.51 ﺓ ﺍﻟﺼﻐﻴﺭ ﻤﻥ ﺍﻷﺸﺠﺎﺭﻭﺯﺍﻥ ﺍﻟﺼﻤﻎ ﺍﻟﻤﻨﺘﺞ ﻴﻘﺩﺭ ﻤﺘﻭﺴﻁ ﺍ. ﺍﻟﺼﺩﺭ
ﻻ ﺘﻭﺠﺩ ﻓﺭﻭﻗﺎﺕ ﻤﻌﻨﻭﻴﻪ ﺒﻴﻥ ﺍﻟﺼﻤﻎ  ﻭ ﺠﺭﺍﻡ54 ﺓ ﺍﻟﻤﻨﺘﺞ ﻟﻼﺸﺠﺎﺭ ﺍﻟﻜﺒﻴﺭﻎﻤﺘﻭﺴﻁ ﻭﺯﻥ ﺍﻟﺼﻤ
  ﺍﻨﺘﺎﺠﻬﺎ ﺒﺎﻟﻔﺩﺍﻥ ﻟﻼﺸﺠﺎﺭ ﺍﻟﻜﺒﻴﺭﺓﺍﻟﻭﺯﻥ ﺍﻟﻤﺘﻭﻗﻊ.  ﺍﻟﻤﻨﺘﺞ ﺒﺎﻻﺸﺠﺎﺭ ﺍﻟﻜﺒﻴﺭﻩ ﻓﻲ ﺸﻬﺭﻱ ﻓﺒﺭﺍﻴﺭ ﻭﻤﺎﺭﺱ
ﺍﻟﻜﺒﻴﺭﻩ ﺒﻐﺎﺒﺔ ﺍﻟﺭﻭﺍﺸﺩﺓ  ﺍﻟﻤﻘﺩﺭ ﺍﻨﺘﺎﺠﻪ ﻓﻲ ﺍﻟﻌﺎﻡ ﺒﻁﻕ ﺍﻻﺸﺠﺎﺭ ﺍﻟﺼﻐﻴﺭﻩ ﻭﻎﻟﺼﻤﻭﺯﻥ ﺍ.   ﻜﻴﻠﻭﺠﺭﺍﻡ5.7
  .ﻡ5002–2002 ﻁﻥ ﻓﻲ ﺍﻻﻋﻭﺍﻡ 2–0 ﺒـ  ﻁﻥ ﻤﻘﺎﺭﻨﺔ381ﻁﻥ ﻭﺒﻭﻻﻴﺔ ﺍﻟﻘﻀﺎﺭﻑ  721
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1CHAPTER ONE 
INTRODUCTION 
 
Background 
In the Sudan with the problem of recurrent drought and desertification 
caused by the rapid expansion of rained mechanized cultivation with the 
objective of attaining self-sufficiency in food production together with 
agriculture encroachment, fuel wood consumption, over grazing has 
decreased the forests area 20% for the last two decades causing very serious 
problems such as the reduction of land productivity, food shortage, shifting 
sand dunes and acute shortage of fuel wood, in addition to the main causes 
of desertification cited above, the absence of clear land-use planning system 
and forests policies and management on one hand and the weak enforcement 
of the existing forests legislation on the other hand are important factors in 
increasing desertification. 
Environmental protection and conservation of the natural resources are 
becoming of important consideration to meet the serious drought and 
desertification comforting the natural resources of the Sudan, that postulate 
the adoption of new policies, legislation and strategies pertaining to resource 
use, one of these policies is the new forest policy 1989 which was an update 
of an earlier statement of the forest policy 1932, and forms the basis for the 
strategy of the forestry sector in the Country. One of the forest policies 
among others (objectives of reserving, establishing and developing of forest 
resources), is the new forest policy that emphasized on conceptualizing the 
multiple use of forests, accordingly management of forests for multipurpose 
uses in Northern Sudan is one of the most important strategies to encourage 
a forestation, diversification of production and developing non-wood forest 
products, that provide an additional support to the national income. 
2Sudan produces a number of non-wood forest products (NWFP) some 
of which are traded in the global markets, for along time gum Arabic from 
Acacia senegal is the most known NWFP. There for some efforts has been 
done to its production and marketing. 
Acacia seyal is one of the strongly gregarious sahalian tree species 
with major role of fuel wood and fodder production in countries of Southern 
edge of the Sahara desert especially Mali, Chad and Sudan, it extends from 
Senegal eastwards to western Somalia and the coastal low lands east of the 
red Sea and from the Nile valley of southern Egypt to southern Zambia, it 
occurres in clay plains between latitude 10o and 14o N. and with annual rain 
fall range of 600-800mm, stands of Acacia seyal var seyal have been 
established in Sudan often by direct sowing of protected planting sites, 
competition from weed growth is overcome by using taungya or directly by 
labors removing competitive weeds, initial stocking is 1000stem/ha., 
thinning after 10-14 years reduce stocking to 675 and 450stem/ha. 
Respectively, it has many economic and environmental values which include 
fuel, wood building materials, forage and gum. 
Gum produced from Acacia seyal is known as gum talha, it is 
produced from cracks or wounds caused by draught, fire, insects, winds, 
lopping of trees by nomads, though very restricted numbers of trees which 
are subject to the above agents produce gum. Tapping of Acacia seyal to 
produce gum like the case of Acacia senegal was not experienced before.  
According to the latest specifications of gum Arabic defined by the 
Joint Expert Committee of Food Additives Acacia seyal has been included 
with Acacia senegal as gum Arabic producing species, the definition reads 
the following (gum Arabic is a dried exudation obtained from the stem and 
branches of Acacia senegal (L). Wild or Acacia seyal Family Leguminosae), 
this was confirmed by the Codex Committee on Food Additives and 
Contaminants in March 1999 and adopted by the Codex Alimentarius 
3Commission of the FAO/WHO at its 23rd session held in June 1999 (Coppen, 
1999). 
In Europe approved additives are given an "E number" by European 
Economic Community (EEC), gum Arabic acquires "E414", according to the 
latest specification A. seyal is now recognized as a source of gum Arabic 
there by it has the same E number. . 
In 1984 Importers Service developed the selection, purification and 
drying techniques to permit the manufacture of Spray Dried Gum of Acacia 
seyal. Since these developments A. seyal has gained wide acceptance in 
industrial applications and more recently in food and pharmaceutical 
applications for coatings, encapsulation, tableting and as a source of soluble 
fiber. 
 
Objectives   
 In least developed countries especially in Africa biomass contribution to 
energy balance use to range from 80-90%. Sudan being one of these 
countries the share of biomass in energy balance was about 74%. Seventy 
two percent of the fuel wood was collected from natural forests, provided 
that production from reserved forests should not exceed the allowable cut 
planed by the F.N.C. Estimates of wood resources 1983-2000 by the FNC 
showed that the reserve forests are decreasing by 2.2% annually.  
 Due to the fact that the Sudan started its domestic oil exploration in 
the late 1990th, the contribution of petroleum products (mainly LPG and 
Kerosene) and electricity as energy supply increase to reach 28% of the total 
energy supply in 2003 compare to less than half of this share in the year 
1999 and this create a major changes in the feature of energy supply in 
Sudan. The availability of LPG produced from Khartoum refinery and the 
increasing electrification rate which is expected to take place as the result of 
implementing government strategic plans in this sector to the urban areas in 
4low prices compared to fuel wood as a house hold source of energy expected 
to minimize the pressure on the natural resources in particular forest 
resources as fuel wood production and in turn imply the importance of 
exploiting forests for purposes other than fuel wood production. 
  Increasing Gum talha production from A. seyal by tapping will be an 
additional or alternative exploitation of A. seyal for the production of fuel 
wood, buildings materials, and other productive and protective purposes.  
This will help in improving the living standerd of the local inhabitants and to 
increase its contribution to the national gross domestic product. 
Specific Objectives 
 The specific objectives of this study were to investigate the effect of 
different tapping methods (bark removal similar to the tapping of A. senegal, 
vertical injuring, horizontal injuring or hammering of the bark), time of 
tapping (November to April) and tree diameter (small, medium and large) on 
the gum production from A. seyal. 
5CHAPTER TWO 
LITERATURE REVIEW 
 
Main Non Wood Forest Products 
Forests provide a multipurpose benefit that includes timber, fuel wood 
and non wood products. Non wood forests  products  are usually over looked 
commodities although they are important products at both the local and 
national levels (Hamed, 1998).  Goods and services provided by forests and 
trees are as important, if not more important as timber. Sylva pastoralist for 
live stock production is an important system, forest grazing, forest fodders 
represent one of the major contributions to the local and national economy. 
Collection, grading and processing of gums and resins is an important 
income generating activity.  NWFP continuously play an important role in 
the socio-economic and culture of many developing countries.  About 150 
NWFP are used in Sudan (Badi, 1993).  
Many NWFPs are found in the market.  The main markets for these 
products are in towns, of which Omdurman is the main national trading 
center.  Table 2.1 gives a list of the most common marketed products.  Other 
vegetal NWFP are fodder, food (fruits and nuts and edible oils), medicines, 
dyes, fibers, latex tannins.  Honey and bees wax are the only faunal NWFP 
on which documentation exists (Sulieman and Eldoma, 1994).  
The most known and most important Sudanese non-wood forest product 
(NWFP) is gum Arabic.  Acacia senegal and Acacia seyal are the main 
source of gum Arabic of commerce producing gum hashab and gum talha, 
respectively.  The two species account for up to 95% of total gum 
production.  Beside its potentiality to generate wealth and uplifting the living 
standers of local inhabitants, gum Arabic has a significant contribution to the 
national gross domestic product (Sulieman and Eldoma, 1994) 
 
6 
Table 2-1.  Main NWFP  Marketed in Northern Sudan 
 
Producing Species  Local name of 
NWFP 
Main uses 
Acacia nilotica Garad Tannin 
Adansonia digitata Tabaldi (Gongleiz) Food & medicine 
Balanites aegyptiaca Heglig (Laloub) Food & medicine 
Borassus aethiopum Daleib Food 
Boswellia papyrifera Gum luban Nectar 
Commiphora sp. Gum luban Nectar 
Cassia senna Sanameca Medicine 
Grewia tenax Gudiem Food & medicine 
Hyphaene thebaica Dom  Food & fodder 
Tamaris indica Aradeib Food & medicine 
Ziziphus spp. Nabag Food & fodder 
Salvadora persica Arak Medicine 
Azanza garkenna Jaghagh Medicine 
Detarium macrocarpum Abu Leila Medicine 
Ximenia americana Um dika Tea 
Lawsonia inermis Hina Colour 
Source: Sulieman and Eldoma (1994) 
 
Sudan is (together with Ethiopia) one of the world’s biggest producer 
and exporter of olibanum resins obtained by tapping Boswellia papyrifera.   
It is used as fragrance, flavoring purposes, in food industry, pharmaceutical 
as well as in technical and miscellaneous applications.  In 1993/94, 
production of luban (resin) obtained from Boswellia papyrifer. in the Sudan 
was estimated to reach 1688 ton (Sulieman and Eldoma, 1994). 
7Fodder is an essential product of forested areas.  It is estimated that the 
contribution of trees and shrubs to forage intake ranges from five percent at 
the beginning of the dry season to 45 percent at its end (Harris, 1994).  
Important fodder trees, which are browsed as well as lopped, are Acacia 
spp., Hyphaene thebaica, Ziziphus spp. and Balanites aegyptiaca.  Acacia 
senegal and A. seyal are not only a source of gum Arabic, but also important 
fodder trees for the nomads (Eltohami, 1995).   
 At least 60 medicinal aromatic plants, which either occur naturally or 
are cultivated, exist in Sudan.  Important medicinal plants include Acacia 
nilotica, Adansonia digitata, Cassia senna, Grewia spp. and Tamarindus 
indica.  They are used in traditional medicine as well as by industry for the 
preparation of derivatives. Plants which are not cultivated on a commercial 
scale, such as Senna Alexandria, are gathered at random (Eltohami, 1995). 
 
Acacia seyal var. seyal 
Classification  
 A. seyal belongs to the genus Acacia Mill., which is one the largest 
genera within the family Mimosaceae.  The genus Acacia includes about 
1200 species widely distributed in the dry land all over the world.  Australia 
has the largest number of Acacia species (900) centered in South Western 
areas In Sudan, 31 species have been reported, mainly in central Sudan, but 
extending north and South (El Amin, 1973). 
Cited by Abuelgasim (2002), Bentham (1842) introduced the approach 
for formally sub dividing African Acacia into infra generic categories above 
the species rank.  Nevertheless, El Amin (1973) reported two infra-specific 
variations of A. seyal Del., widely distributed in Sudan, differentiated on the 
basis of the presence and absence of the “ant-galls” and the color of the bark.  
He reported that “ant-galls” is the characteristic of variety fistula and the 
color of its bark is white, while that of variety seyal is green or red.  Duke 
8(1983) reported several botanical variants of A. seyal Del. Beside var. 
fistiula.  These are var. multijuga and var. stenocarpa, the later is 
characterized by greenish-brown bark on the main stem, peeling on papery 
roll, and red-brown bark branchlets indicating some of similarities with A. 
seyal var. seyal. 
 
Morphological description  
 There are several sources of literature revealing the morphological 
description of Acacia seyal var. seyal (Dal and Greenway, 1961; El Amin, 
1979; Thirakul, 1984; Badi al et., 1989).  It is medium size tree up to 17 
meters high, but 9-10 m is regarded as full-sized over most of its range. 
Trunk diameter is 25-30 cm.  Pole is straight and cylindrical.  Lateral 
branches develop obliquely, forming a flat-topped spreading crown. The 
most conspicuous feature is the bark which is powdery, smooth, or sparsely 
flaking in large blackish scales; it displays a range of colors ranging between 
red, greenish-yellow or orange red, but the predominant one is the reddish.  
The young branches are rounded, glabrous with numerous reddish glands. 
Stipules spinescent.  Spines in pairs about 3-10 cm long, straight, 
cylindrical and white in color.  Leaves are biparipinnate, alternate, and 1-10 
cm long. Petiole about 0.5-0.75cm long often with a gland.  Pinnae 3-7 (-9) 
pairs 1-3cm long.  Leaflets 7-16 (-20) pairs.  They are oblong to linear, 3-7 
mm by 0.5-1 mm; apex obtuse to sub acute; base oblique; margin ciliate; 
glabrous on both surfaces. 
Inflorescence capitate, yellow; peduncle 1-4 cm long, glabrous; 
involucres on lower half of peduncle. Flower bracts pubescent; medium line 
conspicuous; 2-5 mm long.  Calyx pubescent; 4-6 lobed white to yellow, 
apex deflexed backward, 2x0.5 mm.  Corolla 5-6 lobed, glabrous, darker 
than calyx, 4.5-8 mm. Anthers glandular, yellow, free, 9 mm long. Ovary 
sessile, Broun, 0.5 mm long; style 3-4mm long. Pods falcate, dehiscent, 
9curved, slightly constricted between seeds, glabrous, venation longitudinal, 
red gland on pod surface, conspicuous, 7-22 cm long, 0.5-1 cm wide.  They 
split open in clusters on the tree when drying. Seeds 6-10, olive-brown, 
glabrous, winkled, compressed, elliptic lying longitudinally in the pod on a 
white thin band which runs longitudinally in the pod, 7x3-4-4.5 mm; areole 
marginal U-shaped, 7x2 mm, funicle very long and coiled, 1.5 cm long 
Plates 2-1 to 2-3.  
 
 
 
Plate 2-1. Acacia seyal bark 
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Plate 2-2 .Acacia seyal flowers and spines 
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Plate 2-3 .Acacia seyal leaves 
Ecology 
Given suitable climate and edaphic condition, stands of A. seyal 
develop but admit sufficient light to grass to grow as under story.  Through 
the greater part of the range of A. seyal mean annual rainfall is about 500-
1200 mm and there is a well defined 6-8 month dry season.  Occurrence in 
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more arid climates is associated with the presence of water in addition to 
direct rainfall (NFTA, 1994). 
A. seyal is found in elevated areas up to 2100 m in tropical regions but 
it generally occurs gregariously at lower elevations on level sites of dark 
cracking clay soils.  It is usually found in the form of pure stands or mixed 
with other species.  In most cases it is more or less found to be mixed with 
Balanites aegyptiaca in the drier thorny woodland savannah of 350-1000 
mm rainfall per annum and high temperature (39-42º C).  Occasionally, it 
grows on sandy soil under rainfall of 200 mm per annum (NFTA 1994).  Old 
trees can withstand inundation for a period up to three month which is better 
than other Acacias, and therefore sometimes fringing the flood plains of 
rivers and basins.  The trees are also fire resistant and withstand the annual 
grass fire of the woodland savannah and the young regeneration is stimulated 
by such fires. However, the natural regeneration has been observed at those 
localities which are free of risk of fires (Elsheikh, 1987). 
The phonological cycle relates closely to the rainfall regime.  Where 
there is a well defined unimodal rainfall pattern, leaf fall takes place in the 
middle of the dry season and the tree remains leafless for 4-7 months 
depending on the beginning of the subsequent wet season. Flowering is 
concentrated in the middle of dry season and ripe fruits are present about 
four months later. 
Temperature regimes vary through the range particularly for var seyal, 
which is subject to mean annual temperature of 18-25º C in cooler climate in 
Ethiopia at the upper elevation limit (1700-2000 m).  Relationship with 
extreme temperature follows similar pattern, parts of West Africa where var. 
seyal is present absolute minima through the range of the species are 
generally 5-10o C (NFTA, 1994). 
Relationship with the soil is well defined. There is an unusual degree 
of adaptations for deep heavy soils (pH 6-8) accumulated at low point of 
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landscape or formed directly from fine grained rocks. In communities 
including both varieties, var. fistula displays great tolerance in depressions 
and along drainage lines. Saline soils are not suitable (NFTA, 1994). 
 
Distribution 
The earliest records for the distribution of the species in Sudan were 
given by Blunt in 1926 and Broun in 1928 (cited by Abuelgasim 2002).  
Further investigations were carried out by: Andrews (1952), Harrison and, 
Fadl Alla (1963), El Amin (1973), El Amin (1979), Von Maydell (1986) and 
Badi al et. (1989).  Acacia seyal is widely distributed in North Africa, in the 
Sahelian zone from Senegal to Chad, across Sudan in Eastern Africa, from 
Egypt Southward to Somalia, Kenya, Mozambique and Namibia.  It has also 
been recorded in Syria, Jordan and Sinai.  The wide sporadic distribution of 
A. seyal Del. in Africa, from desert edge in the north through dry and wet 
savanna in the south suggests a wide range and high tolerance of A. seyal to 
both drought and high moisture levels.  These typical conditions are found in 
Sudan. 
There are two varieties of the species, namely, Acacia seyal var seyal 
and Acacia seyal var fistula.  A. seyal var seyal is present on different soil 
types but it prefers dark clay soils.  In Sudan, it has a wide geographical 
distribution; it extends from the desert to the moist savanna with over 800 
mm of rainfall.  In the desert areas the species is restricted to the wettest 
sites, such as river banks.  A. seyal var fistula is rare in areas west of River 
Nile.   
 The location of A. seyal community in the Acacica seyal-Balanites 
woodland savanna is between latitude 10o and 14o N and longitude 30o to 36o 
E, when the rain fall increases from 500 mm per annum to less than 700 mm.  
Stands of A. seyal which occurs outside these limits tend to fall into two 
categories: In the North, on sandy soil where the topography approaches a 
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water catchments area, and in the South, with clay soil, which is subject to 
flooding due to high rainfall. The species limitation to particular habitats 
may be due to climatic and edaphic factors. 
 The belt covers most of the clay plain of east central Sudan.  The area 
of A. seyal forests is variable.  When it coincides with a sharp change in soil 
type or soil moisture, it is as narrow as a few miles (e.g. in North Kordofan 
State), while in areas of uniformly favorable conditions it may be as wide as 
a few hundred miles (e.g. between Gedarif and South of the Blue Nile area). 
 
Wood description of Acacia seyal Del. var. seyal 
The study of wood characters of A. seyal showed that the sapwood is 
pale to medium brown.  The hard wood is dark red mahogany color the 
texture was moderately coarse and grains often irregular in direction due to 
the presence of knots.  Wood density is 0.85 g/cm3 at 12% moisture content.  
Equilibrium moisture content at 90% humidity is 22% and at 60% humidity 
is 13%.  The wood has medium movement; the tangential movement is 2.9% 
ELsheikh,(1987). 
Elsheikh (1987) cited that in his study of Sudan Acacias in 1972, El 
Amin found that the number of vessels of Acacia seyal per cm2, seen in 
transverse section, is sixteen.  The type of parenchyma is confluent.  The 
number of parenchyma rays, seen in longitudinal section, is 27 cm2; the rays 
are multi-seriate and their width varies from 1-10 cells.  Fibers are dominant.   
Recently, Mohmoud et al. (2007) described the wood anatomy of this 
species as follows: 
Vessels: diffuse to semi ring-porous.  Vessels clusters (dominant) or radial 
multiples of 2-3, solitary, occasionally tangential to oblique multiples of 2-3.  
Perforation plate simple. Vessel pitting alternate. Wall thickening absent. 
Gum deposits present; tyloses absent.  Vessel volume fraction 13.4%.  
Vessel element diameter vertical 235 µm, horizontal 150 um; dupple-cell 
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wall thickness 25 µm; vessel lumen diameter 130 µm; vessel mean free path 
vertical 368 µm, horizontal 359 µm.  Fiber: Thin to thick-walled. 
Nonseptate.  Crystals present. Fiber volume fraction 29.9%. Fiber diameter 
vertical 36 µm; horizontal 37 µm. Finer length 1276 µm. Parenchyma: 
Present; Confluent, banded paratraceal and aliform-confluent (dominant), 
aliform, vascicentric and scanty present, marginal parenchyma present. 
Crystals present.  Stored and non-stored fusiform and strand parenchyma 
Parenchyma volume fraction 34.1%.  Rays: homogenous; multiseriate 
(dominant), diseriate and triseriate sometimes present. Crystals present, 
gums and oils present. Rays proportion 22.6%. Ray height 320 µm and ray 
width 138 µm 
 
Propagation  
A reproductive stage may be reached rapidly within five years in 
natural stand, unless the growth is retarded by local events such as intense 
browsing or fire.  Flowering is from November to April and fruiting is from 
January to May (NFTA, 1994; Badi et al., 1989).  Animals are the main 
dispersal agent.  Foliage is shed in the middle of the dry season, or some 
what earlier, and replaced by the transition from the dry to wet season. 
Natural regeneration is excellent from seeds and coppice.  Regeneration can 
also be enhanced by fire and soil disturbance (Badi et al., 1989). The fruit is 
dehiscent (open when ripe).  The seeds are shed while they are still hanging 
on the pod and are blown around by wind, eaten by animals and hence been 
disseminated (NFTA, 1994). 
For conservation purposes, seeds are stored at 8-10o C provided the 
moisture is 6% or less.  Germination rate is low (10-25%) because of the 
hard seed coat.  It could be increased up to 80% when seeds are treated 
mechanically or soaked in concentrated sulphuric acid for 15 minutes 
(Mahgoub and Dafalla 1998). 
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Unopened, full-sized fruits are gathered off the trees and allowed to 
release seed. After cleaning, seed stores well in cool, dry conditions, 
remaining viable for up to 8 years. Pretreatment in the nursery is 
advantageous, although not essential, to accelerate the germination rate. 
Scarification and acid treatments have proved favorable. However, 
germination rates have rarely exceeded 30% in seven days. Seedlings require 
shade until the second leaf expands, and watering at intervals of 1-3 days is 
necessary to keep the medium moist but not waterlogged (NFTA, 1994). 
 
Management of A. seyal stands 
Both varieties of A. seyal are noteworthy for occurrence in the 
undisturbed state in even-aged stands.  Reconstitution of an exploited var. 
seyal stand depends not on coppice shoots but on the presence of abundant 
seed and its exposure to a mild fire and soil disturbance which enhances the 
germination of var. seyal (Badi et al., 1989; NFTA, 1994), but checks the 
regeneration of competing species.  When fifteen-year old stands are 
harvested, they are likely to have produced a seed reserve sufficient to 
regenerate the stand.  However, individual trees or uncut patches of the 
original cover should be left as seed sources to insure abundant regeneration. 
Where managing for fodder production, evaluation of responses to lopping 
and cutting of var. seyal indicated limited recovery capacity in mature trees.  
Beating branches to detach leaves and fruits without damage to axillary buds 
is therefore preferred to exploit these resources in the dry season (NFTA, 
1994).  
Stands of var. seyal have been established in Sudan, often by direct 
sowing of pretreated seeds to prepare planting spots.  Sowing seed in batches 
ensures a high proportion of spots become occupied.  Competition from 
weed grows is overcome by using taungya, with mechanized site preparation 
and sowing.  Sesame or Sorghum is intercropped among widely spaced A. 
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seyal plantations (NFTA, 1994).  Fencing and intercropping are necessary 
for more protection and to reduce the cost of establishment and weeding.  
Weeding is done annually to reduce grass competition and fire hazard during 
the dry season.  Thinning is recommended when the tree is needed for 
firewood and green production.  For poles and fuel wood a twenty year 
rotation is projected.   Initial stocking is 1000 stems per hectare, thinning 
after 10 and 14 years reduce stocking to 675 and 450 stems per hectare, 
respectively (NFTA, 1994).  It may thus be concluded that progressive 
invasion of grass, then fire, cutting down trees, periodical poor and brief 
rainy season lead to the absence of conditions which favor natural 
regeneration and subsequent forest establishment (Fad Alla, 1963). 
 
Pests 
Over Forty species of insects are reported associated with A. seyal. 
These include ten species of bruchid beetles which may damage high 
proportion of stored seeds.  Beetles of various other families attack the 
wood, the bostrychid, Sinoxylon senegalense being the most notorious and 
swiftly locating and infesting freshly cut wood, especially if lying on the 
ground.  Attacks are much reduced if the bark is removed and the cut stems 
stacked upright.  Subsequent creosote treatment ensures extended durability 
(Badi et al., 1989) 
 
Fodder 
Both varieties of Acacia seyal are viewed favorable as forage dry 
matter, net energy content is high 6-8 MJ/ Kg of fruits (NFTA, 1994).  A. 
seyal are important fodder trees for the nomads (Eltohami, 1995).  The 
leaves, young branches, flowers and pods are grazed by domestic and wild 
animals especially in the dry season.   Over much African countries, leaves, 
pods and flowers of A. seyal are the major source of early dry season fodder. 
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During the dry season in western Sudan, the Fulani drive their cattle to area 
where it grows. 
Pods contain more than 20% protein and they are very norishing 
(Elsheikh, 1987).  The associated digestible protein levels are also high (100-
150 gm/kg) in the foliage, and higher in the fruits.  For both foliage and 
fruits, analysis indicates a well balance supply of minerals and favorable 
quantities in term of proximate fraction (e.g. crude fiber 10-20%, ether 
fraction less than 7%).  The foliage of var. seyal has been show to contain 
secondary metabolites but experience suggested that level is not a matter of 
serious concern (NFTA, 1994). 
 
Economic importance 
 Acacia seyal forests have many economic and environmental values. 
They constitute about 8-10% of the plantation program of the Forest 
National Corporation for the supply of forest products and environmental 
protection (Mahgoub and Dafalla, 1998).  The economic values include the 
production of fuelwood, gum, tannins, and forage.  It is also used for 
building purposes and as a medicinal plant.  The leaves, young branches, 
flowers and pods are valuable forage grazed by both domestic and wild 
animals especially during the dry season (El Ghazli, 1998). 
Local people use poles of medium size with forks for house 
construction.  Branches are used for fencing. The trees with bright yellow 
flowers and/or green and red bark are used for decoration.  The tree is good 
in soil stabilization and soil fertility as its roots fixes atmospheric nitrogen. 
In addition, wood fumes and smoke is said to be an effective insect repellent. 
Acacia seyal (Talh) is widely used as a medicinal plant in Sudan.  Bark, 
leaves and gum are used in local medicine for the treatment of many diseases 
such as hemorrhage, cold, and diarrhea (El Ghazli, 1998).  The smoke of A. 
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seyal wood is said to be very effective in the treatment of rheumatism and 
also gives the skin nice softness, color and odor (El Amin, 1979).  
 
Gum Formation 
 There are different theories that explain the reason for gum exudation. 
Blunt (1926) cited by Abuelgasim, (2002) reported that gum exudation is 
attributed to bacterial action.  In 1926 he reported that the tree produces 
gums when it is in unhealthy condition or due to adverse environmental 
condition such as shortage of soil moisture or nutrition.  Gosh and 
Purkayastha (1962) studies showed that gum Arabic exudes from cysts 
which develop in the inner phloem parenchymatus cells adjacent to the 
cambium.  They observed bacterial infection on the tissues where gum is 
produced.  However they did not prove that whether or not the bacterium 
takes part in the formation of gum; they concluded that the physiological 
disturbance resulting from tapping might be favorable to bacterial activity.  
This is because the development of cysts is preceded by change in the xylem 
and phloem.  Anderson and Weiping (1994) suggested that the gum is 
formed by natural physiological processes within the tree, and it comes out 
under stresses due to water depletion or  
excessive heat. Local producers believe that gum exudation is caused by a 
certain insect locally named “Garraha”. But until now the real reason of gum 
formation is unknown. 
 
Definition and Specification of Gum Arabic 
 Gum Arabic is used in a wide range of food and non-food 
applications; that requires control by specific definition and specification, 
and consequently, there are many organizations that are responsible or meant 
by that. 
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 The three main specifications that are widely used by the importers, 
when importing raw gum Arabic, are: moisture content (12% to 14%), 
optical rotation (-25o to -35o) and foreign matter (<3 to 5%). These 
specifications must be met before exporting if possible. Also, the 
microbiological count for Salmonella, Escherichia coli and Staphylococcus 
aureus must be negative (FAO 1982). 
 Gum Arabic was defined by Joint Expert Committee on Food 
Additives (JECFA) as “the dried exudation obtained from the stems and 
branches of A. Senegal (L.) Wild. Or related species of Acacia (Family: 
Leguminosae)” (FAO 1986).  Then two important specifications were added 
in 1990, namely, the nitrogen content and optical rotation. The last definition 
was changed in 1990 to include the word closely “or closely related species” 
(Coppen 1999). The same specification was mended in 1995, but the words 
“closely related species” were followed by “of Acacia (Fam. Leguminosae)”, 
also JECFA confirm the decision to drop the nitrogen content and optical 
rotation, which is decided in 1990 (Coppen 1999). 
The official definition in Compendium of Food Additive Specification 
in 1995 Gum Arabic is: “Gum Arabic is a dried exudation obtained from the 
stems and branches of Acacia Senegal (L.) Willd. or closely related species 
of Acacia (family: Leguminosae).  It consists mainly of higher molecular 
weight polysaccharides and their calcium, magnesium and potassium salts, 
which on hydrolysis yield Arabinose, rhamnose and glucuronic acid” 
(Phillips, 1997). 
The latest specification was published in 1998; it included A. seyal in 
the definition with A. senegal (Coppen, 1999).  This specification reads: 
“Gum arabic is a dried exudation obtained from the stems and branches of 
Acacia senegal (L.)  Willor Acacia seyal (family: Leguminosae)”.  This was 
confirmed by the Codex Committee on food Additives and Contamination 
(CCFAC) in March 1999, and adopted by the Codex Alimentarius 
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Commission of the FAO/WHO at its 23rd session held in June 1999 (Coppen, 
1999).  In Europe, approved additives are given an “E- number” by the 
European Economic Community (ECC); gum Arabic acquires “E 414” 
(Anderson and Weiping1994). According to the last specification, A seyal is 
now recognized as a source of gum Arabic in addition to A senegal, thereby 
it has same E- number. Also gum Arabic acquires the “Al” (fully acceptable 
as a food additive) by FAO/WHO Codex Alimentarius Commission (Salim, 
2000). 
 
Gum Arabic from Acacia seyal (gum talha) 
Unlike the gum of A. senegal, the commercial use of gum A. seyal is a 
very new and exciting development.  The exudate of A. seyal has only been 
commercially available in the United States in 1988.  Prior to this it had 
commonly been used in its raw state as a confection in India.  In 1984 
Importers Service developed the selection, purification and drying 
techniques to permit the manufacture of spray-dried gum of A. seyal.  Since 
these developments, A. seyal has gained wide acceptance first in industrial 
applications and more recently in food and pharmaceutical applications for 
coatings, encapsulation, tableting and as a source of soluble fiber (Importers 
Service Corporation 2007). 
A. seyal gum is now available from several other sub-Saharan African 
countries, notably Chad, where it is called "Gum Friable", and Nigeria, 
where it is referred to as "Grade No. 2".  It is interesting that A. seyal is not 
harvested in the same manner as A. senegal.  Instead of tapping the tree to 
develop the gum tear, A. seyal is exuded through naturally occurring breaks 
or fractures in the tree branches and bark.  Historically, the gum would 
generally go unharvested, fracture, fall to the ground and be rendered 
unsuitable for most food applications.  In the 1990's, a method was 
developed to decolorize the naturally dark A. seyal gum without damaging 
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any of the attractive natural properties it possesses. This has opened a new 
market for A. seyal gum applications, which require a white powder or 
colorless solutions, as opposed to the brownish solids or coffee-colored 
solutions of the past (Importers Service Corporation 2007). 
Detailed description of gum talha (A. seyal) powder is given by Alibaba 
Company (Accessed in May 2007) as follows:    
Color: SGT250 (of White Powder), SGT250S (Super White)  
Particle size: (<250 micron) 
Taste: Slightly bitter  
Loss on drying:  10% Max (105 º C, 5h) 
Total ash:  4% Max.  
Specific rotation:  +45 to +60 
Nitrogen content:  0.106-0.156% 
Protein content: 0.7 to 1.0% (N x 6.6)  
Arsenic: Maximum 3 mg/kg.  
Lead:  Maximum 10 mg/kg.  
Heavy metals: Maximum 40 mg/kg.  
Viscosity: Low (25% solusion, 25º C)  
pH: 4.3-4.6  
Salmonella spp.:  Negative  
E. coli:  Negative.  
Functionality and applications:  Emulsifier, stabilizer, thickening and 
encapsulating agent and others.  
Solubility:  Highly soluble in water, gives up to 50% solution and 
insoluble in ethanol.  
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Methods of Tapping 
Tapping of Acacia senegal (gum hashab) 
 Gum from Acacia senegal (gum hashab) may exude naturally from 
wounds that may arise from wind damage, attack by termites and beetles or 
by grazing animals.  Gum hashab is only produced by trees that are in an 
unhealthy condition.  Gum yields are improved by natural factors that lessen 
the vitality of the trees such as hot weather, poor soil, lack of moisture, etc.  
It is worth mentioning that a damaged tree will give a larger yield of gum 
(Importers Service Corporation 2007). 
Commercially, gum hashab is obtained by a process known as 
"tapping" where by the branches or bark in different parts are cut using a 
small axe to break the outer bark horizontally by making a shallow cut about 
3.8 cm (1.5 in) wide.  The bark is stripped away to form 0.6 to 1.0 m (2 to 3 
ft) long wounds (Awda, 1974).  Awada (1973) reported that the use of the 
axe by an inexperienced tapper results in damaging the wood, hence 
weakening the tree and making it more susceptible to attack by insects, 
which might kill it.  
The Gum Research Section in El Obeid Research Station, North 
Kordofan, developed an alternative tapping tool.  The tool is composed 
mainly of an iron part about twenty cm long with a 3-cm long, sharp pointed 
apex (which is pushed, during tapping, between the bark and inner 
cambium),  a hook for pealing off the bark and a wooden handle of about 2.5 
m long.  This tool proved to be less damaging to the tree and more efficient 
compared with the traditional axe, as the number of trees tapped per man-day 
increased by about 50% from that when the axe is used. Tapping generally 
starts when the trees are three to six or seven years old, with a height of 
about 1.5-3.7 m and a diameter of five cm.   However trees from seedling 
origin are tapped at the age of five years.  The trees can be tapped annually 
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up to the age of eighteen years (Dale and Greenway, 1961; Weber and 
Stoney, 1986). 
Rainfall and temperature variations were found to affect the time of 
tapping (Awouda, 1973; Muthana, 1988) and consequently gum yield.  The 
pre tapping rainfall affects the commencement of tapping.  On the other hand 
low temperature at tapping seems to seal off the gum exudation points, so 
that trees sometimes have to be re-tapped (IIED and IES, 1989).  In general, 
peak gum production is apparently stimulated by the onset of drought 
conditions as the rainy season ended and air temperature rises (Dione and 
Vessal 1998).  Tapping is carried out after the rainy season or when the 
growth stops and the leaves become yellowish in color and begin to shed.  
This happens in October or early November, that is before the cold spell 
(Awoda, 1973; Muthana, 1988).  Late tapping, after the cold spells over is 
done when the rainy season is too long resulting in continued growth.  Trees 
defoliated by locust are also delayed for tapping because they continue to 
grow instead of entering into dormancy period, which precedes gum 
production (Awoda, 1973). 
After tapping the tree, the first harvest of gum nodules is picked after 
3-6 weeks (Awouda, 1973) or 30-45 days (Obeid and Seif EL Din, 1970).  
Gum continues to exude from the same injured spot, and is collected every 
10-15 days, and the same tree is picked 4-6 times during the season.  The 
consequences of delayed tapping are less number of gum pickings and hence 
lower gum yield per tree (Ballal, 1991).  The gum is collected every ten days 
during the dry season.  During the rainy season no gum is formed since the 
trees are in full bloom (Importers Service Corporation 2007).  Furthermore, 
the intensity of tapping has its bearing on the life span of the tree.  In this 
respect, it has been pointed out that excessive tapping might kill the tree 
(ITC, 1972).  Therefore, it has been recommended that tapping the minimum 
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number (3-5) of branches is necessary to lengthen the production span of the 
tree (Ballal, 1991). 
 
 
Tapping of Boswellia  papyrifera (gum Olibanum) 
 
Boswellia papyrifera is a small deciduous tree that grows in a savanna 
belt stretching from northern Nigeria eastwards to the highlands of Eritrea 
and Ethiopia.  It grows under semi-arid conditions in shallow soils on rocky 
slopes (Rijkers et al., 2006).  Within the context of tree distribution nation-
wide, it was observed that B. papyrifera occupies the hill catenas, which are 
rocky steep slopes of the hill, very stony and with frequent bounder out 
crops, and are under going active erosion and having very shallow soils 
(Khan, 1967). 
For thousands of years, Boswellia  papyrifera (gum Olibanum or 
frankincense) has been hugely important both socially and economically as 
an ingredient in incense and perfumes.  But, its production in the Horn of 
Africa is declining because Boswellia species are failed to regenerate 
naturally (Rijkers et al., 2006).  Gum olibanum was used as fumigation agent 
for religious ceremonies, medicine and ritual used. It has been considered 
among the most prized substances in the ancient world. Nowadays it is still 
maintained for these purposes world wide, in its raw form or after being 
processed into essential oil, which is of therapeutic properties.  Boswellia 
resin is used as incense in holy places and temples and also to perfume 
houses (Elamin, 1981).  
Odorous fragrance, which last a very long time, is an excellent fixative 
for perfumes for men, tooth paste, plasters and other pharmaceutical 
products and in food industries.  The effect of resin on three insect pests of 
economic importance, had led to morphological malformation of adults and 
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pupa, reducing the emergence of adults and increasing mortality rate 
(Elamin, 1981).  
The tapping process of the tree start shortly after the tree sheds it 
leaves and before start flowering which usually start in November. 
Traditionally Sudanese tapper used locally designed tools for tapping 
Boswellia tree named Mungaf. Tapping process is simply localized 
debarking process, very thin flakes of the bark are removed from the tree in 
different areas along the tree trunk, usually the tapper -by their experience- 
they avoid deep grooving the tree because they observed that deep grooving 
gives no resin exudates and cause the death of the tree (Abdalla, 2007). 
Also from indigenous knowledge the tapper stated that when trees 
start to flower the resin exudates will be the minimum because most of it will 
go to nourish the flowering buts instead of exudates as gum / resin. So they 
recommend not tapping flowering trees. Then they left the tree for two 
weeks until the exudates solidified and they start collecting the gums using 
the same tapping tool (Mungaf) to peel off thin layer of the bark that contain 
the gum/resin in the same time this peeling process serves as a new tapping 
process for the coming two weeks and the process continue like that for two 
to three months. Other Boswellia spp were tapped in India for the production 
of oelo-gum-resin (Abdalla, 2007). 
 
Collection and processing 
 
After collecting the gum/resin every two weeks it store under 
complete shade  for air drying which takes about two to three weeks 
depending on the prevailing weather conditions. Then the resin/gum will be 
cleaned by removing the excess barks and other impurities and again left for 
one week to dry also under complete shade. Then the gum/resin will be 
packed in sacs ready for marketing (Abdalla, 2007). 
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Suggestion for improved primary processing (drying) 
The traditional tappers usually dry the products under complete shade, 
directly on the ground. One method is to use drying beds which can be made 
from locally available materials such as round wood, ropes made from dome 
(hyphene spp.) leaves. The proposed drying bed which is characterize by 
small opening between ropes that help in circulating the air thus speed up the 
drying time, besides ensuring the cleanness of the products (Abdalla, 2007). 
The ecologists hypothesized that poor regeneration was due to the fact 
that intensive tapping meant that the trees were diverting too much 
carbohydrate into resin, at the expense of reproductive organs, such as 
flowers, fruit and seeds resulting of the competition between investment of 
carbohydrates in sexual reproductive structures and synthesis of frankincense 
in Boswellia papyrifera.  Researcher in south-western Eritrea, tested the 
hypothesis by looking at the number of seeds and their germination rate for 
intensively tapped trees in comparison with untapped trees.  At all sites, trees 
subject to experimental tapping produced fewer flowers, fruits and seeds 
than trees that were exempt from tapping.  Furthermore, tapped trees 
produced smaller fruits with seeds of lower weight and reduced viability 
than non-tapped trees (Rijkers et al., 2006). 
For production to be sustainable, the way that frankincense is tapped 
needs to be changed.  In order to control the decline in fruit and seed 
production, less intensive tapping procedures should be developed.  Results 
show that six tapping points per tree are already having a negative impact; 
hence, reducing the number of tapping points is recommended.  New tapping 
regimes should include rest periods to allow the trees to recover (Rijkers et 
al., 2006).  
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Gum Yield from Acacia Senegal 
 
Estimate of gum Arabic yield from Acacia senegal showed wide range 
of variability.  ITC (1972) quoted yields per tree ranging from 0.9-2.0 kg. 
FAO (1978) reported lower estimates of 0.1-0.2 kg per tree or 40–80 kg per 
hectare.  Badi et al. (1989) reported 0.25 kg per tree, equivalent to 100 kg 
per hectare.  Muthana (1988) quoted a yield of 0.225 kg per tree, equivalent 
to 90 kg per hectare and this yield was calculated on the basis of stocking of 
400 trees per hectare.  Ballal (2002) reported that the variability in gum yield 
was higher between years.   In most of the years (1994-1999), the average 
annual yield per pick per tree ranged between 32.2 and 51.9, giving a total 
annual yield of 198-311 g.  Variations in yield estimations per unit area 
could be attributed to many factors including climate, the type of stand and 
its management.  This wide range of variation in the estimations of gum 
yield is not reliable for forecasting gum Arabic supplies at the national or 
international levels.  Consequently, gum yield assessment has been and still 
considered a priority for research.  There is a need for measuring gum yield 
on per tree basis and with in sites variations (Coppen, 1995).              
 
Properties of Gum Arabic 
 
The most important measurable properties of gum Arabic are given in 
the following section.  
Moisture content  
The moisture content value of gum Arabic from A. seyal presented by 
Ishag (1977) ranged from 10% to 14%.  The mean value of moisture content 
of A. seyal was given as 10.5% (Anderson and Stoddart, 1966) and 10.78% 
(Salih, 1998).  The Joint Expert Committee on Food Additives (JECFA) and 
FAO/WHO set the value of moisture content to be <15% (FAO, 1986 and 
1990). 
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Ash content  
The total ash content of gum Arabic (A. senegal) was reported to be 
3.1% (Anderson, 1966) 3.9% (Anderson, 1976; Abd Elwahid, 1999).  
Anderson et al. (1968) found that the ash value for samples on heavy soil 
was 3.5% and for samples from sandy soil was 3.3%.  Anderson et al. (1968) 
reported that the ash content of A. senegal varied from 3.27% to 4.63% 
irrespective of the age of the tree.  He noted that the value of ash content of 
an authenticated specimen of gum Arabic was 3.9%, while that of 
commercial gum was 4.4%.  
pH-value 
Gum Arabic is slightly acidic because of the presence of few free 
carboxyl groups of its constituent acidic residue, viz. D-glucuronic acid and 
its 4-O-methyl derivative.  The pH- value of A. senegal was reported to be 
4.4 (Anderson 1990; Karamall, 1965; Ishag, 1977).  A range of 3.19 to 5.64 
was given by Siddig, (1996).  For A. seyal, the reported pH values ranged 
between 4.32 (Ishag, 1977) and 4.6 (Anderson 1979; Wahbi, 1994).  
Specific rotation   
The specific rotation was considered as the most important criterion of 
purity and identity of gum Arabic, because the direction and magnitude of 
the rotation are characteristics of the specific gum.  Gum Arabic differs from 
other gums of natural origin in its property of rotating the plane of polarized 
light. 
In 1990, FAO specified that the specific rotation for food grade gum 
falls in the range between -26o to -34o, which limits the use of gums in the 
food and pharmaceutical applications.   Rotation values from -27o to -30o 
were reported by Salih (1998) for A. sengal gum.  The specific rotation for 
A. seyal gum ranges from +39o to +63.9o (Anderson, 1986; Salih, 1998; 
Mohamed, 2000). 
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Gum Arabic Quality  
There are two aspects to quality.  The first one is intrinsic, which is a 
reflection of the chemistry of gum Arabic, while the other is determined by 
its treatment and handling subsequent to exudation from the tree.  Intrinsic 
quality is determined genetically or environmentally. The quality varies 
according to genetic differences among species. Any species differs in a 
unique way in gum composition and properties from all other species (e.g. 
the difference between A. senegal and A. seyal).  Also, there are differences 
between varieties from the same subgenus (e.g. A. seyal var seyal and A. 
seyal var fistiula).  Environmentally, it is possible that gums from different 
natural populations of the same species and variety might have different 
chemical characteristic, according to the seasonal and geographical 
variations (Coppen, 1999).  
Chemical composition of gum, which produces the functional 
properties of gum Arabic, has a great effect on gum quality.  Parameter such 
as solubility, viscosity, emulsifying, ash and heavy metals content, paleness 
of color and dryness, are the most visible indicators of quality.  Color 
paleness is a desirable feature of gums and this appears to be one of the 
weaknesses of Sudanese Talha gum compared with Chadian Talha gum 
beside the presence of foreign matter.  Other factors involved in the trend, 
nowadays, is the absence of carcinogenic and teratogenic effects (Anderson, 
1979). 
Gum quality is affected by the tapping method, which depends on the 
experience of the farmer who did it, because it directly affects the form of 
gum nodules.  Also, the way of picking from the tree can affect quality.  The 
gum must be picked after it is completely formed and relatively dry and must 
be collected in clean open baskets; putting gum in plastic bags will increase 
the risk of mould formation and retards dryness.  The numerous factors such 
as gum physical and chemical properties, gum cost, constancy of supply and 
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composition, possibility of eventual replacement of the selected gum Arabic 
by another should affect the value of gum Arabic (Anderson, 1979). 
 
Grading of Gum Arabic 
 
Gum Arabic from A. senegal and A. seyal are sold into different grades.  
The classification of gum into different grades depends on visual 
characteristics of the gum nodules i.e. color, size, shape, etc.  Osman, (1993) 
reported that the commercial grades of gum Arabic (A. senegal) according to 
gum Arabic Company (GAC) are as follows: 
• Hand-picked selected:  This is the best quality; pieces of gum are 
selected by hand picked. 
• Cleaned: In this grade the impurities of gum and smaller fragment and 
gum dust are removed. 
• Siftings: This grade consists of the smaller pieces of sieved gum. 
• Cleaned and sifted 
• Gum Dust: This grade is the waste from other grades. 
• Red gum: This grade is the dark red color gum selected by hand. 
 
Processing of Gum Arabic 
 
World-wide, gum processing started in 1970 and high standard quality 
gums (microbiologically clean and readily soluble) have been produced. 
Before that gum Arabic was sold in its natural form after being cleaned 
(Osman, 1993).  In Sudan, gum processing started in 1993 by Gum Arabic 
Company (GAC); it is processed in kibbled form.  The Khartoum Gum 
Arabic Processing Company (GAPC) was the second company to process 
gum arabic; GAPC started in 1994, producing kibbled gum in different sizes 
and mechanical powder (Salim, 2000).  Types of  processed gum Arabic are 
given bellow. 
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Kibbling  
Kibbling is a process to produce small granules of gum of more 
uniform size by using a hammer mill and then screening the large cleaned 
gum nodules.  This type is more preferred by end users because it is more 
easily dissolved in water than raw gum (Osman, 1993). 
Mechanical Powdering 
In this process either raw or kibbled gum can be used. They are 
crushed in a swinging hammer mill and thrown against a surrounding 
cylindrical or polyhedron screen; the product is fine powder having the size 
of the screen apertures. The disadvantage of this process is that the last 
remains of finely divided foreign matters are difficult to remove (Coppen, 
1999). 
Spray drying  
In this process the gum firstly dissolved in water and then filtered or 
centrifuged to remove impurities of the solution (Coppen, 1999). To remove 
the microbial contamination, the solution is pasteurized and then sprayed 
into fine droplets by atomization stream of hot air to promote evaporation of 
the water (Osman, 1993). 
The gum Arabic powder, which is produced by spray drying 
techniques, can be adapted to a wide range of scales (from feed rates of a 
few kilograms per hour to over 100 tones per hour). This is considered as 
one of its advantages, but the disadvantage of the process is that it is an 
energy-intensive process that increases the cost and the requirement for large 
quantity of pure water (Salim, 2000). 
Roller drying  
This process is similar to spray drying but here the filtration or 
centrifugation of the solution is done in contact with hot rollers.  The film of 
gum left after evaporation of the water is scraped off continuously to 
produce flakes or powder (Coppen, 1999). 
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The disadvantage of this process is that the high temperature used for 
heating the roller surface could denature the protein and alter the 
characterization of the gum.  In spite of that some processors still use this 
method because the gum produce by roller drying is more readily soluble 
than spray-dried gum (Osman, 1993). 
 
Gum Arabic Applications 
A wide range of manufactured products use gum Arabic.  As an article 
involved in international trade, it was traced back in history for five thousand 
years to the time of the ancients Egyptians.  It is mostly used in different 
sectors of the food and non-food industry, due to the functional properties of 
gum Arabic.  These include emulsification, protective coating action, 
adhesion, binding, stabilization and thickening effects, good mouth feel 
characteristics and retardation of sugar crystallization.  Also, in addition to 
the physical properties including gum solubility in water and insolubility in 
alcohol, gum Arabic forms colorless, tasteless solutions (Anderson and 
Weiping, 1994). 
 
Food applications 
All gums have a thickening or viscosity producing effect when 
dispersed in water medium.  This property is the basis for their use as a 
binding, stabilizing and emulsifying agent in many foods (Table 2-2). 
Gelling: A gel is a jelly-like mixture formed when the particles of colloid 
become relatively large. There is an interplay between the viscosity and 
gelling characteristics of any specific gum, and these factors must be taken 
into consideration when gums are used (Glicksman, 1969). 
Emulsion: Emulsions are Liquids dispersed in liquids. The function of gum 
in preparation of oil in water emulsions type is to increase the viscosity of 
the aqueous phase by thickening it, so that the oil phase is slightly exceeds, 
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and this was minimizes the coalesce of the dispersed phase, and hence the 
emulsion is stabilized (Glicksman, 1969). 
Suspensions: Suspensions are solids dispersed in liquids. The water phase 
exhibits a critical minimum yield value irrespective of the apparent viscosity, 
in this point permanent suspension can be obtained, and it can be produce by 
the selection of a hydrocolloid having the appropriate yield value (Meyer 
and Cohen, 1959). 
Foam: Foams are formed when gases are dispersed in liquids. The stability 
of foam can be determined by measuring the changes of surface viscosity 
and elasticity (Davies, 1961). 
Stability: Comparison of the stability for two solutions becomes more valid 
if the solutions have equal viscosity rather than concentrations (Levy, 1961). 
For the last 15 years, gum Arabic price has been unacceptably high for 
the confectionery industry (Anderson, 1994).  It was used because of its 
ability to prevent crystallization of sugar, to control viscosity, retain moisture 
and improve thickness.  Gum Arabic acts as an emulsifier, a clarifying agent, 
foam stabilizer and particulate suspension in beverages.  It is added as a 
stabilizer and for glaze in bakery production; bread could be improved by 
adding small amounts of gum.  Arabic for its comparatively low water 
absorption properties and fixative in flavor industry, to control texture and 
consistency, control viscosity and as stabilizer in dairy products.  It has 
especially important role in creating diet food (Walder, 1949)cited by 
Mukhtar, (2003). 
Pharmaceutical applications 
About 5% of all gum Arabic is used in pharmaceutical applications, 
mostly in suspending insoluble drugs by preventing the precipitation of 
heavy metals and in liquid petrolatum and cod-liver oil emulsions at 10% to 
20% due to its emulsifying property.  It was also used in syrups and drops as 
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a demulcent agent and as adhesive and binder (at 3% to 5%) in tablets 
(Osman, 1993). 
 
Table 2-2.  Food Application of Gum Arabic 
 
Application Function 
Coated sweets Coating, film forming 
Chewing gum Protecting 
Chocolate centers Glazing 
Gum sweets Source of fiber, binding 
Caramels Binding agent 
Fruits gel lies/pastes/slices Gelling independent of sugar 
Dairy dessert cream Milk thickening and non gelling 
Milk based solutions/wine Stabilization and fiber 
Bakery Coating agent 
Salted snacks Adhesion of flavorings 
Food stuffs Moisture retention 
Meat flavoring Stabilizer and thickener 
Source: Anderson and, Weiping (1994) 
 
Other applications 
Cosmetics: Gum Arabic is used as stabilizer and emulsifier agent in 
cosmetic industries such as lotion, creams and powder compact. 
Lithographic plates solution-in deep coatings. Low viscosity grades should 
be used to ensure uniform flow over the plate surface and to avoid streaks. 
Textiles: Gum Arabic is used at 0.2% to 0.5% in fabric; it is used as bonding 
agent in finishing silk rayon fabric. 
Miscellaneous: In crayon manufacture, paper making gum Arabic insert by 
(2% to 5%), Ceramics (2% to 5%) as a binder on suspension agent as an 
adhesive. 
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Inks: Gum Arabic is used in inks at 2.5% to 10% because of its excellent 
protective colloidal properties. It is used for lampblack, ink sticks, soluble 
inks and water-color inks as a suspending agent. It is also used in fabric, 
laundry marking inks, typographic inks and electrically conductive inks 
because of its emulsifying and viscosity properties (Anderson and Weiping, 
1994). 
 
Production and Export of Gum Arabic in Sudan 
 
The area of natural gum belt (for both gum hashab from Acacia 
senegal and gum talha from Acacia seyal) was estimated by Awada (1982) 
to be about 8 640 000 feddan (equivalent to 36 000 km2 or 3 628 800 ha).  
The productive area of gum within this belt was estimated to be 2 904 000 
feddan (equivalent to 1 220 200 ha or 1 220 km2) distributed between 
provinces and regions of the Sudan, namely, Kordofan, Darfur, Eastern and 
Central regions (Badi et al., 1989).   In 1998, the National Forest Inventory 
(NFI), covering only Northern Sudan, showed that the total number of A. 
senegal trees was about 117 610 800 while that for A. seyal was 243 950 600 
(almost double the amount of A. senegal). 
Average annual production of gum in the Sudan for the period 1960-
1969 (in Kordofan, Darfur, Eastern and Central regions) for the two types 
was 47.416 tons  and for the period 1970-1978 was 35.710 ton  (Bayoumi, 
1971).  The average production of gum talha for the period 1960-1969 was 
4748 and for the period 1970-1977 was 3058 ton (Table 2-3) normally 
forming about six percent of the total production (Badi et al., 1989).  The 
average annual production for both gum hashab and gum talha was 31014 
tons (Table 2-4) for the period 1979-1987 (Gum Arabic Company Ltd., 
1988).  For the period 1990-2000 the average annual production of gum 
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hashab was 16232 ton and of gum talha was 3918 ton (Gum Arabic 
Company Ltd., 2000). For the period 1998-2004 (Table 2-5) the average 
annual production of gum hashab was 12219 ton and for gum talha was 
4.607 ton (Gum Arabic Company Ltd., 2006). 
 
Table 2-3. Average annual production of gum in the Sudan for the 
period 1960-1969 and 1970-1978(ton) 
Region Area per feddan Average 
Production for 
1960-69 
Average 
Production 
for1970-78 
Kordofan 
 
Darfur 
 
Eastern 
 
Central 
1320000
880000
440000
264000
25068
7528
7882
6938
16795
9509
4607
3029
Total 2904000 47416 35740
Source: Badi et al. (1989) 
 
Table 2-4. Annual total production of gum Arabic from hashab and talh 
in the Sudan for the period 1979-1987 (ton) 
Year Weight per ton 
1979 
1980 
1981 
1982 
1983 
1984 
1985 
1986 
1987 
42590 
32852 
35553 
30421 
41284 
33235 
26828 
18717 
17744 
Source: Gum Arabic Company Limited (1988).  
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Table 2-5.  Gum Arabic export for the period 1990-2004(ton) 
  
 
Year Gum hashab Gum talha Total %Gum talha 
1990 
1991 
1992 
1993 
1994 
1995 
1996 
1997 
1998 
1999 
2000 
2001 
2002 
2003 
2004 
22960
21543
8198
9925
18359
11564
8388
15576
16107
15019
21358
18953
22878
25499
9364
2952
3435
5870
5805
4396
5283
5334
6972
4882
4909
2821
1370
7584
4786
4630
26912 
24978 
14068 
15730 
22755 
16847 
13722 
22548 
20989 
19928 
24179 
20332 
30462 
30285 
13994 
13%
16%
72%
58%
24%
46%
64%
45%
3%
33%
13%
7%
33%
19%
49%
Source: Gum Arabic Company Limited (2006).  
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CHAPTER THREE 
MATERIALS AND METHODS 
 
Study Area 
Gedarif State is one of the Eastern Region states of the Sudan, lies 
between longitudes 33º30 and 36º30  East and latitudes 12º40 and 15º40 
North.  The total population of the State according to 2003 census is 1  567 
814 capita with an average growth rate of 3.7%.  The total area of the state is 
approximately 710 000 km2 giving a per-capita area of 0.45 km2.  The 
climate is dry in the North and North West and the rainfall ranges between 
100-500 mm during July-October.  The eastern and southern parts of the 
state are wet and rainfall ranges between 500-900 mm per annum, where 
grasses and natural forests exist (Gedarif state strategic planning committee 
2005). 
Soil is mainly dark cracking clay soil, covering almost the whole area 
of the state, ten million feddans of which are exploited by rain-fed 
mechanized farming for cultivating sorghum and sesame. The irrational 
exploitation of the existing natural forest stand resulted in an obvious 
decrease in rainfall amount and hindering its distribution, decreasing  soil 
fertility and in turn crops productivity (Gedarif state Strategic Planning 
Committee, 2005). 
The total area of the reserved forest is 2530217 feddans, constituting 
15% of the state area.  The types of forests available in Gedarif State are as 
follows: reserved and under reservation forests covering an area of 2 395 807 
feddans, community forests with an area of 122 660 feddans, private forests 
covering 11750 feddans.  Shelterbelts established in mechanized agriculture 
schemes covering an area of 41850 feddans (Forests National Corporation 
Gedarif State 2006).  
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Rawashda Forest Reserve 
Rawashda Forest is one of the reserved forests of ELfashaga Forest Circle 
in Gedarif state.  It was reserved in 1960.  Its western boundary is 40 km 
north east of Gedarif Town at the high way to Kassala.  The total area of the 
forest is 62000 feddans.  Soil is dark cracking clay dominating the whole 
area of the forest.   Rainfall range between 200-600 mm per annum.  The 
Inventory results of Rawashda Forest for formulating the management 
proposal for the reserve by FAO (FDES) project (Vink, 1985), showed the 
following: 
• Acacia seyal (talh) is the dominant species with  Acacia milifera. 
• The forest is extremely variable consist of a patch work type, age 
classes interspersed with open areas. 
• There are several large mechanized farming areas as well as 1000 ha 
Acacia  senegal plantation. 
• The reserve is poorly stocked; standing volume/ha amount to eight m3. 
• Regeneration is mainly sparse or absent especially of economically 
most important species A. seyal. 
• There is considerable damage to the forest by illegal felling and 
especially lopping of A. seyal for livestock fodder. 
According to inventory data, the following trees and shrubs are found in 
Rawashda Rorest: 
- Acacai  seyal var. seyal (talih), the dominant tree species. Covering 70 % 
of the total area of the forest. 
- Acacia seyal var. fistula (sufar abyad), in groups and stands especially in 
the South West part of the forest. 
- Acacia senegal (hashab), mainly planted some naturally mixed in talih 
stand. 
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- Acacia millifera (kitr), large shrubs, incidental throughout, more frequent 
and dominant on the slopes of the major khors draining towards the atbara 
river. 
- Acacia nubica (laot), incidental as a small shrub, some pockets in the North 
part of the forest. 
- Balanites aegyptiaca (heglig), small to large, dominant trees, scattered 
throughout the reserve. 
- Dicrostachys cinerea   (kadad ), shrub or small tree, sporadic, some 
pockets  scattered throughout the reserve. 
 The conclusion of the inventory of Rawashda Forest (Vink, 1985) 
stated that the forest is highly variable in densities with few homogenous 
stands of any extent.  Most of the talih is immature with few homogenous 
proportions of large trees; all older stands are open.  Accordingly, the 
inventory distinguished three main A. seyal forest stands as follows, young, 
medium and old. 
Young Acacia seyal  
Species:  A. seyal (talih), sometimes a few B. aegyptiaca 
Description: more or less uniform, (fairly) closed crop of young trees, crown 
closure >70%.   
Size: height 2- 6 m, diameter 2-10 cm, generally 5-7 cm.  
Medium Acacia  seyal 
Species : A. seyal sometimes B. aegyptiaca.     
Description: (fairly) closed stand medium sized talh.   
Size: height 5-8 m, diameter 8-12 (-15) cm, not mature by traditional 
charcoaling standers, constitute 50-60% of Acacia seyal stand in the forest.  
Old Acacia  seyal  
Species: A. seyal sometimes, Balanites aegyptiaca and other species.  
Description: generally open stand of mature and over mature talh.  
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Size: height, eight to twelve meter and more, diameter at breast height (14-
16 and up to 35 cm) constituting 10 % of A. seyal stand in the forest.  
 
Methods 
According to the classification of A. seyal in Rwashda forest (Vink 
1985) based on tree diameters at breast height, three main tree sizes, namely 
small (4-7 cm), medium (7.1-14 cm) and large (14.1-24 cm).   These three 
tree diameter classes were represented in this study area.  
The small size trees had been planted in 1992 in clear-felled areas by 
direct sowing using a tractor equipped with a disc and a planter.  Medium 
size trees are naturally established constituting 50-60% of A. seyal stands in 
the forest.  The third diameter class (DBH 14-24 cm) were found in narrow 
strips adjacent to fire lines, boundary lines, water courses and in open areas 
some times mixed with medium size trees.   
Every month starting from mid November 2004 (the time gum Arabic 
collectors commence tapping season of gum Arabic from Acacia senegal in 
the forest) up to mid April 2005 (after which the rainy season start and 
exudation is not expected) experimental areas representing the distinguished 
sizes of A. seyal trees in the forest had been selected randomly in each site of 
the three diameter classis.   
The average spacing between large size trees was greater than the 
spacing between medium size trees, which was in turn, greater than that 
between small size trees.  To maintain relatively similar number of trees in 
the experimental units, the area of the experimental units representing the 
various tree sizes were, 25000 9000 and 2250 m2 for the large, medium and 
small size trees, respectively.  The treatments for the three units had been 
located in the same direction to permit an equal effect of light and wind.  
An area of 22000 m2 was randomly selected monthly throughout the 
research period in the plantations of small size trees of A. seyal, in which 
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five treatments (four methods of tapping and the control), had been 
conducted monthly by tapping randomly fifteen trees using the four tapping 
methods and the control. 
An area of 9000 m2 had been selected randomly during the study 
period in one  site of medium size trees DBH 7.1-14 cm, the five treatments 
had been practiced by tapping fifteen trees by the four  tapping methods  and 
the control.   
Using the same five treatments fifteen large size trees were tapped 
constituting an area of 25000 m2 monthly selected throughout the study 
period.  
 
Tapping Methods 
Fifteen trees from each size class hand been selected, measured for 
DBH and marked In the three experimental unit for the five treatments, , this 
was done monthly throughout the study period, the  treatments with in the 
unit had been randomly distributed . 
The following methods of taping were practiced: 
Bark removal:  The bark in the stem is cut using an axe to break the outer 
bark by making a shallow cut about 3.8 cm (1.5 in) wide.  The bark is 
stripped away to form 0.3 to 0.5 m long wounds.  The number of strips 
removed depended in the size and height of the tree tapped; they ranged from 
2 to 4 (Plate 3-1).  This method of tapping is similar to the method of tapping 
Acacia senegal to produce gum hashab.  The position of the tapped trees was 
selected randomly in each experimental unit during the research period. 
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   Plate 3-1. Bark removal (tapping) of Acacia seyal 
 
Horizontal injury of the bark:  This has accomplished by injuring of the 
main stem horizontally down wards (2-3 cm wide) using an axe in three to 
eight positions depending in the size and the height of the main stem of the 
selected tree. This method of tapping was done monthly in each 
experimental unit.  The fifteen tapped trees were selected together in one 
position in each experimental unit; the position was selected randomly 
during the study period. 
Vertical injury of the bark:  This method of tapping had been done by 
making vertical injuries three cm long, three to six times in the bark of the 
main stem for the selected fifteen trees in each block monthly, the position of 
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each treatment had been selected randomly in each experimental unit for the 
study period. 
Bark hammering:  This method of tapping had been done by hammering 
the bark of the main stem of the fifteen selected trees in each unit monthly, 
hammering took place at three to five position in the main stem without 
removing the bark, forming circles three to five cm in diameter, fifteen 
tapped trees in each treatment were selected together in one position which 
were selected randomly in each experimental unit for the study period.  
Control: Fifteen trees marked and measured for DBG had been left      
untreated in each block monthly as control, the positions of the control was 
selected randomly in each experimental unit for the research duration. 
The actual range of the DBG A. seyal trees for the three diameter classes that 
had been marked, measured for DBH and tapped by the four methods of 
tapping and the control during the study period is presented in Appendix 
Table 1.  
 
The relationship between the DBH and DRC of Acacia seyal trees 
 To estimate the expected annual production of gum produced by 
tapping small and large size trees of A seyal in Gedarif State, the only data 
available is the forest national inventory report which estimate the total 
number of A. seyal stems based in diameter at root collar classes.  Since the 
results obtained in this study were based on classifying A.  seyal according to 
diameter at breast height, this require to know the relationship between the 
diameter of A. seyal at root collar and breast height. 
Seventy A. seyal trees of different sizes (small, medium and large) were 
measured for diameter at root collar and breast height in Rwashda Forest.  
Regression analysis was conducted to determine the equation expressing the 
relationship between the diameter at root collar and breast height.
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CHAPTER FOUR 
 
RESULTS AND DISCUSSION 
 
Out of the five treatments investigated in this study, only bark 
hammering induced exudation of gum.  Table 4.1 shows the number of trees 
that produced gum and the total weight of gum produced for the five 
methods of tapping during the study period (November 2004 to April 2005).  
Bark hammering induced gum exudation in small size trees (4-7 cm) in 
December and in large size trees (14.1 -24 cm) in February and March.  The 
initial exudation is shown in Plate 4.1, the exudation one month after tapping 
in Plate 4.2 and the final stage of exudation is shown in Plate 4.3.  There was 
no response for small and large sizes to tapping in the other months.  
Medium size trees (7.1-14.0 cm) showed no response to all of the studied 
tapping methods.  Plate 4.4 shows medium size trees tapped by hammering 
without response. 
 
 
Plate 4.1. Initial gum exudates of large size trees(14.1-24 cm) 
induced by bark hammering in February 
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Summary of the results of the response of Acacia seyal trees to bark 
hammering are given in Tables 4-2 to 4-4 for two diameter classes.  Table 
4.2 shows the response of the small size (DBH 4-7 cm) trees to bark 
hammering in mid December.  Eight of the fifteen (53.3%) tapped trees 
produced gum weighing 222 g, giving an average weight of 14.8 g per tree.  
With a tree spacing of 2x2 m in such young stands, the number of trees per 
feddan was 1050.  Accordingly, expected weight of gum production per 
feddan would be 15.56 kg (37.34 kg per hectare). Plate No 4.1 
The response of the small size trees to bark hammering in mid 
December  can be  attributed to the assumption that there is a surplus amount 
of carbohydrates that can by utilized (beside the requirements for growth and 
reproduction process) for exuding gum to heal the injures against any 
possible infectious or hazardous  effects to the tree. 
Large size trees (DBH 14-24 cm) responded to bark hammering in 
mid February and mid March (Tables 4.3 and 4.4).  In mid February, for the 
ten (66.7 %) of the fifteen tapped trees that exuded gum, the total weight of 
gum was 727 g, giving an average weight of 47.6 g per tree (Plates 4.2 to 
4.4). 
The average spacing between trees of this stand was 5 x 5 m.  Hence, 
the average number of trees per feddan could be about 168, and the average 
weight of gum that can be produced per feddan is 7.99 kg (19.02 kg per 
hectare).  In mid March, nine (60 %) of the fifteen tapped trees responded to 
the treatment by exuding gum with a total weight of 643 g.  Provided that the 
average number of trees per feddan was 168, the expected weight of gum per 
feddan is 7.2 kg (17.12 kg  per hectare).   
The response of large size trees to bark hammering in mid February 
and mid March may be attributed to the hypothesis that after leaves shedding 
there is an ample amount of carbohydrates reserved by large size trees that 
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can be converted to gum as a defensive or a protective measure against any 
stresses or other infectious agents that may attack the tree. 
 
 
Plate 4.2. Gum exudates one month after bark hammering of 
large size trees (14.1-24 cm) in February 
 
 
 
Plate 4.3. The final stage of exudation of large size trees (14.1-24 cm) tapped 
by bark hammering. 
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Plate 4.4. Medium size trees tapped by bark hammering 
showing no gum exudates. 
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The average weight of gum produced by tapping a large size tree of 
Acacia seyal (47.9 g) is less than one fifth of that produced by Acacia 
senegal tree (270 g per tree) at Demokeya plantations in Kordofan State 
(Ballal, 2002).  The estimated annual production of gum talha per feddan 
(7.2 kg) by tapping large size trees of Acacia seyal in Rawashda Forest is 
considerably less than the average yield of Acacia senegal gum (36.5 kg) at 
Demokeya plantations reported by Ballal (2002).   This means the expected 
average production per feddan of gum from Acacia seyal in the study area 
represent about 20% of that from Acacia senegal. 
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Table 4-1.  Number of trees produced gum and weight of gum produced for during the study period.  
Diameter classes 
4-7 cm 7.1-14.0 cm > 14.0 cm 
Month Tapping methods Number of trees 
producing 
gum 
Total 
weight of 
gum 
(g) 
Number of 
trees 
produced 
gum 
Total 
weight of 
gum 
(g) 
Number of 
trees 
produced 
gum 
Total 
weight of 
gum 
(g) 
November 
Bark removal 
Vertical injuring 
Horizontal injuring 
Bark hammering 
Control 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
December 
Bark removal 
Vertical injuring 
Horizontal injuring 
Bark hammering 
Control 
0
0
0
8
0
0
0
0
222
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
January 
Bark removal 
Vertical injuring 
Horizontal injuring 
Bark hammering 
Control 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
February 
Bark removal 
Vertical injuring 
Horizontal injuring 
Bark hammering 
Control 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
10
0
0
0
0
727
0
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Table 4-1. (continued) 
March 
Bark removal 
Vertical injuring 
Horizontal injuring 
Bark hammering 
Control 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
9
0
0
0
0
243
0
April 
Bark removal 
Vertical injuring 
Horizontal injuring 
Bark hammering 
Control 
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
 
  
  
  
  
  
53
Table 4.2.  Results of tapping small-size (4-7.0 cm) trees of A. seyal by bark 
hammering on mid December 2004 in Rwashda Forest 
Number of trees tapped per plot 15 
Number of trees produced gum 8 
Total weight of gum produced (g) 222 
Average weight of gum produced per tree (g) 14.8 
Average number of trees per feddan 1050 
Average weight of gum produced per feddan (kg) 15.56 
Average weight of gum produced per hectare (kg) 37.34 
 
Table 4.3.  Results of tapping large-size (14.1-24 cm) trees of A. seyal by of 
bark hammering on mid February 2005 in Rwashda Forest 
Number of trees tapped  15 
Number of trees produced gum 10 
Total weight of gum produced (g) 727 
Average weight of gum produced per tree (g) 47.6 
Average number of trees per feddan 168 
Average weight of gum produced per feddan (kg) 7.99 
Average weight of gum produced per hectare (kg) 19.02 
 
Table 4.4.  Results of tapping large-size (14.1-24 cm) trees of A. seyal by of 
bark hammering on mid March 2005 in Rwashda Forest 
Number of trees tapped per plot 15 
Number of trees produced gum  9 
Total weight of gum produced (g) 243 
Average weight of gum produced per tree (g) 42.8 
Average number of trees per feddan 168 
Average weight of gum produced per feddan (kg) 7.2 
Average weight of gum produced per hectare (kg) 17.12 
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Results of the analysis of variance for the weight of gum produced by 
bark hammering between small size trees in December and large size trees in 
February is given in Table 4-5.  There were significant differences between 
large and small size trees in the weight of gum produced (p=0.0067).  The 
means and results of Duncan’s Multiple Range Test are given in Table 4.6.  
The mean of gum weight produced by large size trees in February was 
significantly greater (323%) than that produced by small size trees in 
December. 
 
 
Table 4.5. Results of analysis of variance for weight of gum produced by 
small size trees in December and large size trees in February  
Source of 
variation 
DF Sum of 
squares 
Mean 
squares 
F-Value Probability 
Tree size 1 8101.6 8101.6 8.59 0.0067
Error 28 26422.5 943.7  
Corrected Total 29 34524.2  
 
 
Table 4.6. Means and results of Duncan’s Multiple Range Test of gum  
produced by small size trees in December and large size trees in February. 
Tree size Mean* 
Large (February) 47.6  A 
Small (December) 14.7  B 
*Means with the same letter are not significantly different 
 
The results of analysis of variance between the weight of gum 
produced by bark hammering small size trees in December and large size 
trees in March are illustrated in Table 4-7.  There were significant variations 
between the weight of gum produced by the two groups (p=0.0131).  The 
mean of gum weight produced by large size trees in March was significantly 
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greater (291%) than that produced by small size trees in December (Table 
4.8). 
 
Table 4.7.  Results of analysis of variance for weight of gum produced by 
small size trees in December and large size trees in March.  
Source of 
variation 
DF Sum of 
squares 
Mean 
squares 
F-Value Probability 
Month 1 9282.2 9282.2 8.5 0.0056
Error 43 46957.7 1092.0  
Corrected Total 44 56239.9  
 
 
Table 4.8. Means and results of Duncan’s Multiple Range Test of gum 
produced by small size trees in December and large size trees in March. 
Tree size Mean* 
Large (March) 42.80  A 
Small (December) 14.73  B 
*Means with the same letter are not significantly different 
 
The results of analysis of variance for the weight of gum produced by 
tapping large size trees in February and March is given in Table 4-9.  No 
significant differences were found in the weight of gum produced by the 
large size trees tapped in February and those tapped in March (p=0.7415).  
The means and results of Duncan multiple range tests are given in Table 
4.10.  
 
 
Table 4.9. Results of analysis of variance for weight of gum produced by 
large trees size trees in February and March  
Source of 
variation 
DF Sum of 
squares 
Mean 
squares 
F-Value Probability 
Month 1 172.8 172.8 0.11 0.7415
Error 28 43598.0 1557.1  
Corrected Total 29 43770.8  
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Table 4.10. Duncan’s Multiple Range Test means of gum produced by large 
size trees in February and March 
Month Mean* 
February 47.60 A 
March   42.80 A 
*Means with the same letter are not significantly different 
 
 
 
Relationship between Gum Production and tree Diameter at Breast 
Height  
 
The relationship between gum production and DBH across the range 
of different groups of Acacia seyal tree sizes (small, large and both to gether) 
that were tapped by bark hammering is shown by the results of regression 
analyses given in Table 4.11 and illustrated in Figures 4.1 to 4.3. 
Within the small size group, results of the regression analysis showed 
that there was no significant relationship (p=0.3666) between gum weight 
and tree DBH.  Similar results were found for the large size group.  Within 
each of the two groups, the proportions of the variation in gum production 
explained by the variation in tree DBH were small (R2 <0.14). 
For all gum-producing trees (small and large) the results of regression 
analysis revealed that a significant proportion of the variation in the weight 
of gum per tree produced by bark hammering (R2=0.71) was explained by 
the variation in tree DBH.  The relationship could be explained by the 
equation: Gum Weight = 12.33 + 2.75 DBH.  The estimate of regression 
coefficient (b) suggests that gum production increased by 2.75 g with an 
increase of one cm in DBH. 
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Table 4-11 The relationship between gum production and DBH of 
Acacia seyal tree sizes (small, large and both) that were tapped by 
 bark hammering. 
Intercept Regression coefficients (b) Tree size 
Estimate Probability Estimate Probability 
R 2 
Small 
(4-7 cm) 
13.40 0.03997 2.59 0.3666 0.1371
Large 
(4.1-24 cm) 
0.137 0.9976 3.36 0.1563 0.1215
All (small 
and large) 
12.33 0.05 2.75 0.0001 0.7119
 
 
 
 
 
Figure 4-1.  Relationship between gum production and DBH for
large-size trees
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Figure 4-2.  Relationship between gum production and DBH for
small-size trees
y = 13.396 + 2.593x 
R2 = 0.1371
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Figure 4-3.  Relationship between gum production and tree DBH for small 
and large-size trees size
y = 12.326 + 2.7488x
R2 = 0.7119
0
10
20
30
40
50
60
70
80
90
0 5 10 15 20 25
DBH (cm)
G
um
 w
ei
gh
t (
g)
 
  
  
  
  
  
59
Estimation of Gum Talha Production in Rwashda Forest 
 
The results obtained in this study revealed that the average weight of 
gum produced per feddan by tapping small size trees (established on 6000 
feddan) in Rwashda forest was 15.54 g, accordingly the expected production 
of gum from this plantation is 93.24 ton per annum (15.54 kg x 6000 
feddan), the results showed that average weight of gum produced by tapping 
large size trees in February and  March were 7.9 kg, 7.2 kg per feddan 
respectively, hence  average production of large size trees in Rwashda forest 
is 33.6 ton, (7.5 kg x 4480 feddan).  Expected average weight of gum 
produced annually by tapping small and large size trees is 126.8 ton (93.2 + 
33.6).  
The estimates of gum production in Rwashda Forest should be 
considered as guide or indicator because it depends on the only available 
data and findings of the inventory results of the management proposal for  
Rwashda Forest by FAO in 1987 after which the forest had been subject to 
the natural regeneration and mortality, serious damage caused by illegal  
felling by the villagers settled round the forest for fuel wood and cultivation 
of agricultural crops and the effect of the rehabilitation program in the forest, 
all these factors are expected to cause remarkable alteration in species 
dynamics, densities and growth vigor. 
 
Estimation of Gum Talha Production in Gedarif State 
 
 To estimate gum talha production in Gedarif State, it was required first 
to estimate the number of Acacia seyal trees of productive diameter classes 
in the states using DRC values of the FNI Report (1998).  The relationship 
was developed between DBH and DRC and the results are given in Figure 4-
4.  The relationship is strong (R2 = 0.958) and can be expressed by the 
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regression equation: DRC= 0.5304 + 1.1846 DBH.   From this equation the 
trees having DRC from 0 to 10 cm are expected to have DBH values from 4 
to 7 cm (small size trees) and those having DRC from 20 to 30 cm are 
expected to have DBH values from 14 to 24 cm (large size trees). 
The estimated number by the Forest National Inventory (1998) in 
Gedarif State of small-size trees having DRC 0-10 cm (DBH 0-7 cm) was 3 
145 500.  Accordingly, the expected weight of gum produced by tapping 
small size trees in Gedarif State is 139 ton per annum.  The estimated 
number of large size trees having DCR 20-30 cm (DBH 14.1-24.0 cm) was 
972 000; hence, the expected weight of gum produced by tapping large size 
trees in Gedarif state is 46 ton per annum.  Accordingly, the expected total 
production of gum talha by tapping large and small size trees in Gedarif state 
is 185 ton (46+139) per annum. 
These estimates are only indicative.  The above mentioned factors 
affecting the estimates of gum production in Rwashda Forest also apply to 
the estimates for the whole state.  In addition to that, the number of Acacia 
seyal trees used to calculate estimates of gum talha production in the state 
was obtained from a low-percent sampling inventory (National Forest 
Inventory, 1998); with such law sampling percent the results obtained will 
not be precise and so the estimates based on it. 
Moreover, the remarkable variation in rain fall amount and 
distribution for the same season may influence the estimate of gum 
production in the state.  The rain fall in the state increases southwards from 
100-500 in the North and North West to 500-900 in the South and South 
East.  This increase in rainfall would probably be associated with an increase 
in growth vigor and hence gum production.  
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Figure 4-4.  Relationship between DBH and DRC of A. seyal trees in 
Rwashda Forest 
DRC = 0.5304 + 1.1846 DBH 
R2 = 0.9583
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The number of Acacia seyal trees used to calculate estimates of gum 
talha production in the state was obtained from a low percent sampling 
inventory, namely the national forest inventory (1998).  With such low 
sampling percent the results obtained will not be precise, and hence, the 
estimates based on it. 
The average annual production of gum from Acacia senegal  (gum 
hashab) in Gedarif State for the period 1995-2005 was 1162 ton (Ministry of 
Finance, Gedarif State, 2007) compared to two tons of the naturally 
produced gum from Acacia seyal (Gum Arabic Company Limited, 2007) 
constituting almost 0.17% of the average annual production of gum hashab 
in the State.  The estimated annual average production of gum produced by 
tapping Acacia seyal (gum talha) trees in the State (183 ton) can 
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constitute 16% of the average annual production of gum hashab. 
The remarkable increase in the production of gum talha expected by 
tapping Acacia seyal  trees in State creates great support to the gum Arabic 
production in the State and postulate the adoption of sustainable 
management plans of Acacia seyal  stands for its productive purposes of non 
wood forests products and conservative purposes that will encourage the  
local  inhabitants to invest  in this area, improving their living standers and 
increasing their contribution and participation in managing and protecting 
Acacia seyal  stands.  
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Conclusions and Recommendations 
 
 
Conclusions 
 
The following conclusions could be drawn from this study: 
 
• Among the four methods of tapping investigated in this study, only 
bark hammering induced gum exudation in small and large size trees.  
Medium size trees showed no response to tapping.  
 
• Small size trees responded to tapping in December and exuded gum 
weighing 14.8 g per tree.  Estimated average weight of gum produced 
per feddan is 15.54 kg. 
 
• Large size trees responded to tapping in February and March and there 
were no significant differences between them; the average gum weight 
was 45 g per tree.  Expected average weight of gum produced per 
feddan is 7.5 kg.   
 
• The relationship between gum production and tree diameters was not 
significant within the tree size-classes  
 
• Tapping may considerably increase gum talha yield in Rwashda Forest 
and Gedarif State. 
 
Recommendations 
 
• Gum tappers may be trained to practice the adopted techniques of 
tapping Acacia seyal trees. 
 
• Further researchs are required to investigate the response of A. seyal 
trees growing in natural forests and plantations to other methods of 
tapping in different climatic and edaphic conditions. 
 
• Research is required to investigate the effect of intensity of tapping on 
the production and the vegetative and reproductive process of A. seyal  
 
• Sustainable management plans of Acacia seyal stands are 
recommended to meet the urgent needs of its productive and 
protective purposes. 
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Appendix Table 1. Diameters at breast height of the sample trees of the 
treatments at the six months.  
 
Month Treatment Small trees Medium 
trees 
Large trees
Bark removal 6.9 
4.8 
6.5 
5.1 
7.0 
6.9 
6.1 
6.0 
6.0 
6.7 
6.1 
6.1 
6.7 
6.0 
6.1 
7.6 
9.2 
11.5 
12.1 
10.5 
12.4 
10.8 
8.3 
9.5 
9.5 
7.6 
8.0 
9.5 
8.3 
7.6 
14.3 
23.5 
19.1 
23.3 
14.3 
15.2 
15.9 
23.3 
17.2 
16.9 
19.1 
20.4 
18.8 
23.9 
18.8 
November 
Vertical injuring 5.1 
4.5 
6.3 
6.3 
6.0 
6.7 
6.1 
6.7 
5.9 
5.0 
6.1 
6.4 
6.0 
6.7 
6.8
7.6 
12.2 
10.0 
9.0 
8.6 
9.5 
9.5 
10.2 
8.6 
10.2 
9.0 
8.3 
11.8 
9.5 
8.9
16.6 
21.7 
19.7 
19.4 
19.7 
19.7 
19.7 
19.4 
18.2 
16.2 
21.3 
19.7 
17.2 
22.6 
15.9 
  
  
  
  
  
71
Horizontal injuring 6.9 
7.0 
7.0 
5.1 
6.6 
6.3 
5.4 
6.1 
7.0 
7.0 
5.4 
5.1 
4.8 
5.4 
6.9 
15.0 
10.8 
13.0 
10.5 
9.2 
8.9 
8.5 
9.5 
10.2 
11.8 
10.8 
11.1 
8.6 
11.5 
10.6 
22.3 
19.1 
20.4 
23.7 
18.8 
19.4 
17.1 
20.4 
22.9 
23.1 
19.8 
21.9 
21.5 
19.4 
18.5 
Bark hammering 6.0 
5.7 
5.7 
5.0 
6.1 
5.4 
6.3 
6.7 
5.4 
6.4 
5.4 
6.9 
5.4 
6.4 
6.0 
10.8 
10.1 
10.5 
10.8 
8.9 
11.5 
11.8 
8.3 
10.5 
12.1 
9.5 
10.2 
9.5 
7.6 
8.9 
23.4 
16.6 
18.2 
19.7 
19.4 
20.3 
19.7 
16.7 
23.9 
19.7 
19.4 
16.6 
21.6 
22.4 
21.6 
  
  
  
  
  
72
Control 5.3 
6.7 
5.3 
5.0 
6.8 
6.1 
5.7 
7.0 
4.8 
6.0 
5.9 
6.7 
5.7 
5.5 
6.3 
8.7 
10.3 
9.4 
10.8 
9.0 
8.1 
7.8 
11.3 
10.7 
12.5 
12.1 
8.6 
10.2 
12.1 
10.2 
19.7 
22.6 
19.5 
18.5 
21.7 
19.4 
21.3 
18.2 
19.7 
19.4 
22.6 
16.6 
21.7 
19.7 
16.7 
December 
Bark removal 4.2 
4.3 
4.1 
4.8 
4.1 
4.7 
4.6 
4.3 
5.2 
6.2 
6.7 
5.1 
4.1 
4.1 
4.8
8.0 
7.2 
9.5 
7.3 
7.1 
7.6 
7.4 
7.3 
9.1 
7.3 
8.4 
8.6 
7.3 
7.9 
7.1
15.7 
16.2 
17.7 
18.2 
16.7 
15.2 
16.0 
17.3 
16.2 
15.7 
5.0 
16.2 
16.0 
15.5 
16.2 
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Vertical injuring 6.0 
4.5 
5.5 
4.5 
4.3 
4.8 
4.8 
4.9 
5.0 
5.8 
4.2 
4.7 
5.2 
4.7 
6.0 
8.8 
7.8 
8.3 
9.9 
9.2 
8.7 
9.3 
8.9 
8.8 
4.4 
10.5 
9.8 
10.5 
12.7 
13.2 
 
17.2 
16.8 
19.5 
16.0 
22.1 
16.7 
16.0 
22.3 
21.7 
16.2 
17.4 
18.2 
16.3 
15.5 
16.0 
Horizontal injuring 4.1 
4.5 
4.2 
5.3 
4.1 
5.5 
4.3 
4.3 
5.6 
5.0 
4.1 
4.3 
4.1 
4.1 
4.0
9.3 
7.1 
7.9 
7.57.5 
8.1 
7.5 
7.4 
8.3 
8.0 
7.6 
7.3 
7.9 
7.5 
7.9 
10.0
17.7 
16.5 
15.0 
15.2 
15.8 
18.3 
17.1 
16.0 
15.2 
16.0 
15.8 
17.0 
18.8 
15.7 
16.0 
  
  
  
  
  
74
Bark hammering 7.0 
4.6 
4.5 
4.6 
5.7 
4.2 
4.3 
4.3 
5.8 
4.5 
4.2 
6.1 
4.1 
6.2 
6.4 
8.3 
10.0 
8.7 
8.9 
8.9 
9.5 
7.8 
8.9 
8.1 
9.7 
7.4 
10.0 
8.6 
9.5 
9.0 
18.7 
17.8 
16.5 
18.0 
16.5 
17.0 
19.3 
15.7 
18.8 
19.2 
21.7 
20.0 
22.3 
18.4 
19.2 
Control 4.6 
6.3 
6.8 
5.5 
4.9 
4.8 
5.8 
6.3 
6.6 
5.7 
5.5 
4.9 
6.5 
6.2 
6.5
 17.5 
15.0 
16.8 
22.3 
19.0 
18.4 
16.0 
19.2 
21.0 
19.5 
17.5 
15.6 
16.2 
17.4 
17.4 
  
  
  
  
  
75
Bark removal  5.9 
4.7 
4.8 
6.5 
5.3 
5.2 
4.8 
4.0 
4.1 
4.1 
4.8 
4.0 
4.2 
6.3 
5.0 
7.7 
8.3 
12.4 
9.2 
9.2 
7.5 
10.0 
8.3 
9.0 
12.5 
12.7 
11.2 
12.8 
12.0 
10.3 
17.5 
21.0 
18.6 
19.3 
18.0 
18.4 
20.0 
20.0 
17.8 
19.5 
21.0 
22.7 
18.5 
18.5 
18.0 
January 
Vertical injuring 6.2 
4.2 
4.6 
4.7 
4.3 
4.8 
4.5 
4.5 
5.3 
6.2 
4.5 
5.3 
4.2 
4.0 
6.0 
11.5 
12.5 
10.5 
8.0 
9.9 
11.1 
9.5 
7.5 
10.4 
7.5 
7.8 
8.2 
8.7 
8.2 
9.5 
18.8 
18.6 
19.9 
16.5 
21.0 
19.0 
17.0 
22.4 
19.6 
18.0 
23.2 
18.2 
19.3 
18.6 
19.7 
 
  
  
  
  
  
76
Horizontal injuring 4.6 
4.4 
4.4 
4.3 
4.0 
4.5 
4.5 
5.5 
4.3 
4.4 
4.7 
4.7 
4.8 
4.5 
4.5 
9.7 
9.0 
8.0 
7.8 
7.5 
9.0 
8.0 
11.0 
10.0 
7.8 
9.1 
7.5 
8.2 
13.0 
9.2 
16.5 
17.0 
19.4 
18.5 
21.0 
19.5 
19.0 
19.4 
18.8 
18.0 
17.6 
22.0 
18.9 
17.0 
17.0 
Bark hammering  4.0 
6.0 
4.0 
5.0 
4.6 
4.0 
6.9 
5.0 
4.4 
4.8 
4.5 
5.8 
4.4 
4.4 
4.5 
14.2 
9.1 
8.3 
10.5 
9.7 
7.3 
11.3 
12.8 
10.8 
8.4 
7.5 
8.7 
9.0 
7.8 
9.4 
18.7 
21.8 
23.4 
19.0 
17.6 
18.0 
19.4 
18. 
18.5 
16.7 
21.0 
19.5 
19.0 
20.0 
18.7 
 
  
  
  
  
  
77
control 4.5 
4.9 
4.4 
4.0 
5.2 
4.8 
4.4 
4.7 
4.4 
4.4 
5.6 
6.2 
4.5 
4.0 
4.5 
 
8.7 
11.5 
10.0 
9.8 
9.0 
8.5 
9.0 
9.0 
11.0 
9.4 
8.0 
7.3 
12.1 
11.4 
10.2 
18.9 
22.3 
21.0 
16.2 
18.4 
19.7 
20.0 
16.5 
16.0 
17.4 
19.0 
19.2 
18.0 
19.7 
20.1 
February 
Bark removal 5.8 
4.9 
5.1 
5.3 
4.2 
4.6 
5.7 
4.5 
5.8 
5.0 
5.3 
5.2 
5.5 
4.6 
5.8
8.5 
9.7 
12.3 
13.6 
12.8 
10.2 
11.0 
10.5 
10.2 
13.0 
13.1 
12.5 
12.3 
11.2 
10.8
17.8 
17.5 
21.3 
18.9 
19.9 
18.2 
17.8 
20.21 
20.0 
18.2 
17.7 
18.8 
19.7 
20.1 
20.0 
  
  
  
  
  
78
Vertical injuring  4.4 
5.1 
5.3 
5.5 
4.9 
5.1 
5.0 
5.2 
5.0 
4.9 
5.1 
4.7 
4.4 
4.4 
4.9 
12.2 
10.1 
12.1 
9.8 
8.6 
9.5 
10.2 
11.7 
9.5 
12.1 
13.3 
8.9 
9.6 
11.0 
9.0 
18.2 
17.9 
19.0 
18.7 
20.1 
19.5 
18.0 
18.7 
21.5 
17.7 
18.5 
18.2 
19.7 
19.0 
19.8 
Horizontal injuring 4.2 
5.0 
4.1 
4.6 
4.6 
5.5 
5.2 
6.0 
4.4 
5.2 
4.3 
4.8 
5.5 
4.9 
5.2
12.5 
15.3 
11.2 
9.7 
8.4 
10.2 
11.7 
11.2 
9.8 
12.5 
10.9 
12.3 
12.2 
9.8 
11.2
18.8 
21.0 
18.0 
19.2 
17.3 
21.5 
18.8 
19.1 
19.0 
17.2 
19.1 
18.2 
20.2 
18.6 
17.7 
  
  
  
  
  
79
Bark hammering  4.2 
5.1 
4.9 
4.0 
4.3 
4.2 
5.5 
5.8 
4.9 
4.4 
5.0 
4.3 
4.0 
5.1 
4.4 
8.7 
10.2 
9.8 
11.2 
10.4 
9.2 
11.0 
9.8 
8.2 
8.5 
11.1 
9.0 
12.1 
8.9 
11.0 
17.9 
19.8 
21.5 
20.0 
21.0 
16.5 
19.4 
18.8 
18.8 
18.4 
19.0 
20.0 
20.2 
19.2 
18.0 
control 5.0 
4.1 
5.5 
5.5 
4.0 
4.3 
5.1 
5.1 
5.3 
5.0 
5.1 
4.8 
4.1 
4.4 
5.1 
8.8 
10.2 
9.9 
9.2 
9.7 
11.2 
11.1 
8.9 
9.0 
10.2 
9.1 
8.7 
11.1 
11.0 
8.7 
18.8 
19.0 
18.7 
17.6 
19.0 
17.7 
18.0 
19.5 
21.2 
18.8 
17.6 
18.5 
18.0 
19.3 
19.7 
  
  
  
  
  
80
Bark removal 5.1 
6.3 
4.5 
4.3 
5.5 
6.2 
5.7 
5.6 
6.5 
4.9 
4.5 
5.6 
6.3 
6.0 
5.2 
10.8 
12.7 
11.7 
9.2 
8.8 
12.0 
10.8 
11.0 
12.5 
9.8 
10.7 
13.0 
12.3 
10.1 
14.0 
 
16.7 
22.3 
23.5 
23.4 
23.0 
18.6 
20.8 
22.0 
21.2 
22.6 
19.0 
19.8 
18.9 
24.0 
22.5 
March 
Vertical injuring  5.0 
5.7 
6.6 
6.0 
6.2 
4.4 
4.5 
5.6 
4.5 
4.9 
5.3 
6.0 
6.2 
6.0 
4.7 
10.7 
12.1 
8.8 
12.2 
12.7 
10.8 
12.1 
10.8 
11.0 
9.8 
8.1 
10.9 
9.4 
11.2 
13.2 
22.5 
18.7 
20.1 
21.8 
22.1 
19.9 
23.2 
17.7 
22.7 
21.2 
23.5 
20.8 
19.0 
19.7 
19.5 
 
  
  
  
  
  
81
Horizontal injuring 4.5 
6.5 
6.2 
5.5 
4.9 
4.9 
4.6 
5.5 
6.5 
4.6 
6.9 
5.6 
4.9 
6.4 
4.5 
12.0 
10.9 
10.0 
10.2 
8.7 
12.5 
10.2 
11.0 
12.3 
12.5 
10.2 
8.8 
8.0 
9.7 
12.0 
20.8 
22.7 
19.0 
18.2 
21.7 
20.8 
18.2 
22.6 
24.0 
23.3 
21.2 
20.0 
18.7 
21.5 
19.9 
Bark hammering  6.3 
5.8 
6.2 
6.6 
4.7 
5.5 
5.2 
4.8 
4.3 
6.3 
5.5 
4.4 
5.0 
6.2 
4.6 
10.8 
12.7 
11.7 
9.2 
8.8 
12.0 
10.8 
11.0 
12.5 
9.8 
10.7 
13.0 
12.3 
10.1 
14.0 
18.7 
22.3 
23.5 
23.4 
23.0 
18.6 
20.8 
22.0 
21.2 
22.6 
19.0 
19.8 
18.8 
24.0 
22.5 
 
  
  
  
  
  
82
control 6.2 
5.3 
5.2 
5.7 
4.9 
5.0 
6.6 
4.6 
4.7 
5.5 
6.3 
4.5 
5.4 
4.9 
6.0 
 
10.1 
8.9 
9.1 
12.0 
11.7 
9.8 
12.8 
11.0 
10.9 
8.7 
9.7 
10.1 
13.7 
9.5 
9.5 
23.5 
22.3 
20.5 
23.2 
22.0 
19.8 
18.9 
20.2 
21.8 
21.5 
22.0 
19.7 
19.0 
23.4 
24.0 
April 
Bark removal 5.7 
5.0 
4.5 
5.6 
5.0 
6.2 
5.8 
4.0 
4.4 
6.7 
5.0 
6.2 
6.0 
5.0 
5.0 
8.0 
8.5 
10.2 
8.5 
9.0 
12.0 
8.0 
8.2 
10.4 
11.0 
8.0 
9.5 
9.0 
8.0 
10.0 
17.8 
20.7 
21.8 
19.7 
18.9 
17.2 
17.0 
18.8 
15.5 
18.4 
17.2 
17.4 
16.0 
15.5 
19.7 
  
  
  
  
  
83
Vertical injuring  6.2 
4.9 
6.0 
4.0 
4.0 
4.5 
6.0 
6.0 
5.2 
6.1 
5.0 
6.0 
4.5 
5.2 
5.5 
 
10.2 
8.0 
7.8 
7.0 
10.0 
8.5 
10.0 
12.0 
10.0 
11.0 
8.5 
9.0 
12.4 
8.4 
12.5 
17.5 
16.0 
15.8 
17.7 
17.0 
18.2 
16.5 
15.6 
18.0 
17.0 
15.5 
16.0 
18.0 
17.5 
16.4 
Horizontal injuring 4.5 
4.5 
5.0 
5.6 
6.1 
6.0 
6.0 
4.4 
5.5 
5.0 
4.8 
4.5 
5.5 
6.4 
5.5
12.0 
8.5 
8.0 
10.0 
10.0 
10.5 
8.5 
9.0 
10.0 
10.5 
8.0 
7.9 
9.5 
10.4 
8.5
17.0 
16.2 
15.6 
17.0 
18.5 
16.8 
16.8 
16.7 
15.2 
22.3 
16.8 
14.2 
16.5 
18.0 
17.0 
  
  
  
  
  
84
Bark hammering  5.1 
4.5 
6.2 
5.5 
4.4 
4.5 
6.4 
4.9 
5.2 
4.3 
4.7 
6.0 
5.5 
5.0 
5.0 
8.0 
7.9 
10.0 
12.5 
8.4 
9.0 
7.9 
8.0 
10.0 
10.4 
10.0 
9.4 
8.0 
9.0 
9.0 
17.2 
16.8 
18.9 
18.0 
20.7 
16.0 
17.4 
16.2 
18.7 
18.5 
20.0 
18.0 
17.5 
16.0 
17.0 
control 4.9 
4.3 
5.2 
5.0 
6.2 
4.4 
4.3 
5.1 
5.3 
4.9 
4.4 
6.0 
4.8 
5.0 
5.0 
 
8.4 
10.0 
10.5 
8.5 
7.9 
12.0 
8.0 
11.0 
9.5 
7.9 
8.4 
9.0 
12.5 
7.5 
8.0 
17.5 
16.8 
17.0 
18.4 
18.0 
15.0 
15.0 
17.5 
16.0 
16.4 
19.0 
15.5 
17.0 
16.4 
16.0 
 
 
 
